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Art. XXVL—The Pertinacity and Predominance of Weeds ; by 
Asa GRAY. 


A WEED is defined by the dictionaries to be “ Any useless 
or troublesome plant.” ‘“ Every = which grows in a field 
other than that of which the seed has been , sraenagy ed sown 
by the husbandman is a weed,” says the Penny Cyclopedia, 
as cited in Worcester’s Dictionary. The Treasury of Botany 
defines it as “Any plant which obtrusively occupies cultivated 
or dressed — , to the exclusion or injury of some particular 
crop intended to be grown. Thus, even the most useful plants 
may become weeds if they aapeet out of their proper place. 
The term is sometimes applied to any insignificant-looking or 
unprofitable plants which grow profusely in a state of nature; 
also to any noxious or useless plant.” We may for present 

urposes consider weeds to be plants which tend to take preva- 
ent possession of soil used for man’s purposes, irrespective of 
his will; and, in accordance with usage, we may restrict the 
term to herbs. This excludes —— indigenous plants 
occupying ground in a state of nature. Such become weeds 
when they conspicuously intrude into cultivated fields, meadows, 
pastures, or the ground around dwellings. Many are unat- 
tractive, but not a few are ornamental; many are injurious, 
but some are truly useful. White Clover is an instance of the 
latter. Bur Clover (Medicago denticulata) is in California very 
valuable as food for cattle and sheep, and very injurious by 
the damage which the burs cause to wool. tb the United 
States, and perhaps in most parts of the world, a large majority 
of the weeds are nib ered a plants, brought into the country 
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directly or indirectly by man. Some—such as Dandelion, 
Yarrow, and probably the common Plantain and the common 
Purslane—are importations as weeds, although the species nat- 
urally occupy some part of the aT 

Why weeds are so pertinacious and aggressive, is too large 
and loose a question: for any herb whatever when successfully 
ageressive becomes a weed; and the reasons of predominance 
may be almost as diverse as the weeds themselves. But we 
may enquire, whether weeds have any common characteristic 
which may give them advantage, and why the greater part of 
the weeds of the United States, and probably of similar tem- 
perate countries, should be foreigners. 

As to the second question, this is strikingly the case through- 
out the Atlantic side of temperate North America, in which 
the weeds have mainly come from Europe; but it is not so, 
or hardly so, west of the Mississippi in the region of prairies 
and plains. So that the answer we are accustomed to give 
must be to a great extent the true one, namely, that, as the 
district here in which weeds from the Old World prevail 
was naturally forest-clad, there were few of its native herbs 
which, if they could bear the exposure at all, were capable of 
competition on cleared land with emigrants from the Old World. 
It may be said that these same European weeds, here prepotent, 
had survived and adapted themselves to the change from forest 
to cleared Jand in Europe, and therefore our forest-bred herbs 
might have done the same thing here. But in the first place 
the change must have been far more sudden here than in 
Europe; and in the next place, we suppose that most of the 
herbs in question never were indigenous to the originally forest- 
covered regions of the Old World; but rather, as western and 
northern Europe became agricultural and pastoral, these plants 
came with the husbandmen and the flocks, or followed them, 
from the woodless or sparsely wooded regions farther east where 
they originated. This, however, will not hold for some of them, 
such as Dandelion, Yarrow, and Ox-eye Daisy. It may be said 
that our weeds might have come to a considerable extent 
from the bordering more open districts on the west and south. 
But there was little opportunity until recently, as the settle- 
ment of the country began on the eastern border; yet a certain 
number of our weeds appear to have been thus derived: for 
instance, Mollugo verticillata, Erigeron Canadense, Xanthium, 
Ambrosia artemisvefolia, Verbena hastata, V. urticifolia, ete., 
Veronica peregrina, Solanum Carolinense, various species of 
Amarantus and Euphorbia, Panicum capillare, ete. Of late, and 
in consequence of increased communication with the Mississippi 
region and beyond—especially by rail-roads—other plants are 
coming in to the Eastern States as weeds, step by step, by 
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somewhat rapid strides; such as Dysodia chrysanthemoides, Mat- 
ricaria discoidea, Artemisia biennis. Fifty years ago Rudbeckia 
hirta, which flourished from the Alleghanies westward, was 
unknown farther east. Now, since twenty years, it is an 
abundant and conspicuous weed in grass-fields throughout the 
Eastern States, having been accidentally disseminated with 
Red-clover seed from the Western States. 

There are also native American weeds, doubtless indigenous 
to the region, such as Asclepias Cornuti, Antennaria margaritacea 
and A. plantaginifolia, and in enriched soils Phytolacca decandra, 
which have apparently become strongly aggressive under 
changed conditions. These are some of the instances which 
may show that predominance is not in consequence of change 
of country and introduction to new soil. 

In many cases it is easy to explain why a plant, once intro- 
duced, should take a strong and persistent hold and spread 
rapidly. In others we discern nothing in the plant itself 
which should give it advantage. Lespedeza striata is a small 
and insignificant annual, with no obvious provision for dissem- 
ination. It is a native of China and Japan. In some unex- 
plained way it reached Alabama and Georgia and was first 
noticed about thirty-five years ago; it has spread rapidly since, 
especially over old fields and along road-sides, and it is now ver 


abundant . to Virginia and Tennessee, throughout the middle 
i 


and upper districts, reaching even to the summits of the moun- 
tains of moderate elevation. In the absence of better food it 
is greedily eaten by cattle and sheep. The voiding by them 
of undigested seeds must be the means of dissemination; but 
one cannot well understand why it should spread so widel 
and rapidly, and take such complete possession of the ground. 
It is one of the few weeds which are accounted a blessing. 
Professor Claypole, of Antioch College, Ohio, has recently 
contributed to the Third Report of the Montreal Horticultural 
Society (1877-8), an interesting Essay, On the Migration of 
Plants from Europe to America, with an Attempt to explain 
Certain Phenomena connected therewith. The phenomena 
which he would explain are the abundant migration of 
numerous weeds from Europe to the shore of North America, 
while others fail to come, and the general failure of North 
American weeds to invade Europe. We have offered a fairly 
ap explanation of the first. And Professor Claypole goes 
ar toward explaining the second when he notes that seed is 
(or formerly was) mainly brought from the Old World to the 
New, and the same may be said of cattle and other emigration ; 
that the cooler and shorter summer of the north of Europe 
renders the ripening of some seed precarious, etc. He does not 
mention the fact that American plants by chance reaching 
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Europe have to compete with a vegetable world in comparatively 
stable equilibrium of its species, while European wt coming 
—or which formerly came—to the United States found the 
course of nature disturbed by man and new-made fields for 
which they could compete with advantage. But his ingenious 
hypothesis is that weeds have a peculiarly “plastic nature, one 
capable of being moulded by and to the new surroundings,” 
by which the plant “ere long adapts itself, if the change is 
not too great or sudden, to its new situation, takes out a new 
lease of life, and continues in the strictest sense a weed ;” “that 
the plants of the European flora possess more of this plasticity, 
are less unyielding in their constitution, can adapt themselves 
more readily to new surroundings,” and that it is “the lack of 
this plasticity in the American flora which incapacitates it from 
securing a foot-hold and obtaining a living in the different con- 
ditions of the New World;” that although “in the Miocene 
era the European and American floras were very much alike,” 

et “since that era the European flora has been vastly altered, 
while the American flora still retains a Miocene aspect, and is 
therefore the elder of the two;” “that this long persistence of 
type in the American flora may have induced, by habit, a 
rigidity or indisposition to change;” that “the European is 
thus better able to adapt itself to the strange climate and con- 
ditions—that is, to emigrate—than the American:” and thus, 
being more plastic or adaptable it succeeds in the New World, 
while the Jess adaptable American flora fails in the Old World.” 

So far as we know, the greater plasticity of European as 
compared with American plants is purely hypothetical. ‘“ More 

lastic” would mean of greater variability, which, if true, might 
determined by observation. Because Europe once had more 
species or types in common with North America than it now 
has, it does not seem to follow that the former has “a younger 
plant-life,” or that its existing plants are more recent than those 
of the American flora. And as already intimated, so refined 
an hypothesis is hardly necessary for the probable explanation 
of the predominance of Old World weeds in the Atlantic 
United States. 

Mr. Henslow, in his remarkable memoir, On the Self-Fertili- 
zation of Plants (which we reviewed in the June number of 
this Journal) derives from different but equally theoretical 

remises an opposite conclusion, — namely, that weeds or 
intrusive and dominant plants in general, and of great emi- 
grating capabilities, have “a longer ancestral life-history than 
their less aggressive relatives.” He also maintains that weeds, 
and plants best fitted for domination in the manner of weeds, 

ossess 2 common characteristic to which this dominance may 
a attributed, namely, that they are in general self-fertilized 
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plants. A rapid generalizer might find confirmation of this in 
the converse, which is obviously true, that plants with blossoms 
very specially adapted for cross-fertilization by particular insects, 
and therefore dependent on such special aid, are comparatively 
local and unaggressive; yet some of these are widely dis- 
tributed. It will also be understood that self-fertilization may 
give advantage to an intruding plant at the outset, by enabling 
an exceptionally well-fitted individual to initiate a favored race. 
And self-fertilization, with its sureness, would always be most 
advantageous unless cross-fertilization brings some compensa- 
tory advantage greater on the whole than that of immediate 
sureness to fertilize. 

But the test of the theory is, whether weeds and emigrating 
herbs in general are more self-fertilizing or less subject to 
cross-fertilization than the majority of related plants, and 
whether many or any of them are actually self-fertilized 
through a succession of generations. It seemed to us that, in 
a limited way, the weeds which Europe has given to North 
America might answer this question. To keep within bounds 
and to have a case with al] the data unquestionable, we will 
collate the weeds of European parentage which evince a dom- 
inating character in the United States east of the Mississippi, 
referring for the purpose to the Manual of the Botany of the 
Northern United Btates and Chapman’s Southern States Flora. 
The latter, however, adds not a single weed from Europe of 
any predominance. We include only those which have taken 
a strong hold and become prominent either by their general 
diffusion over the area or by taking marked possession of 
certain districts. For examples of the latter take Hchium 
vulgare in Virginia, Ranunculus bulbosus and Leontodon autum- 
nale in Eastern New England, and Genista tinctoria which 
covers certain tracts in the eastern part of Massachusetts, 
although nearly unknown elsewhere. We must include sev- 
eral species which as weeds came from Europe, although they 
are probably, some of them undoubtedly, indigenous to some 
part of the United States. 

The following are the herbaceous plants naturalized from 
Europe and of an aggressive character in the Atlantic United 
States. Herbs of recent introduction, and those of however 
ancient naturalization which have not either spread widely or 
increased greatly over a considerable district, are omitted. 

The 18 species in italic type, nearly half of them grasses, 
are probably indigenous to some portions of North America. 
In some cases the introduced and the indigenous plants have 
come into contact. 
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Ranunculus bulbosus. 
Ranunculus acris. 
Nasturtium officinale. 
Sisymbium officinale. 
Brassica Sinipistrum. 
Raphanus Raphanistrum. 
Capsella Bursa-pastoris. 
Reseda Luteola. 
Saponaria officinalis. 
Silene inflata. 

Lychnis Githago. 
Stellaria media. 
Portulaca oleracea. 
Malva rotundifolia. 
Genista tinctoria. 
Trifolium arvense. 
Trifolium agrarium. 
Trifolium repens. 
Daucus Carota. 
Pastinaca sativa. 
Conium maculatuni. 
Tussilago Farfara. 
Inula Helenium. 
Gnaphalium uliginosum. 
Anthemis Cotula. 
Achillea Millefolium. 
Tanacetum vulgare. 
Leucanthemum vulgare. 
Cirsium arvense. 


Cirsium lanceolatum. 
Lappa officinalis. 
Cichorium Intybus. 
Leontodon autumnale. 
Taraxacum Dens-leonis. 
Plant'go major. 
Plantago lanceolata. 
Anagallis arvensis. 
Verbascum Thapsus. 
Verbascum Blattaria. 
Linaria vulgaris. 
Mentha viridis. 
Mentha piperita. 
Calamintha Nepeta. 


Calaminthu Clinopodium. 


Nepeta Cataria. 
Nepeta Glechoma. 
Marrubium vulgare. 
Galeopsis Tetrahit. 
Leonurus Cardiaca. 
Lamium amplexicaule. 
Echium vulgare. 
Symphytum officinale. 


Echinospermum Lappula. 


Cynoglossum officinale. 
Solanum nigrum. 
Chenopodium album. 
Chenopodium hybridum. 
Chenopodium Botrys. 


Polygonum aviculare. 
Polygonum Convolvulus. 
Rumex crispus. 
Rumex sanguineus. 
Rumex Acetosella. 
Allium vineale. 
Alopecurus pratensis. 
Phleum pratense. 
Agrostis vulgaris. 
Agrostis alba. 
Dactylis glomerata. 
Poa annua. 

Poa compressa. 

Poa pratensis. 

Poa trivialis. 
Eragrostis pozeoides. 
Festuca ovina. 
Festuca pratensis. 
Bromus secalinus. 
Lolium perenne. 
Triticum repens. 
Triticum caninum. 
Anthoxanthum odoratum. 
Panicum glabrum. 
Panicum sanguinale. 
Panicum Crus-galli. 
Setaria glauca. 
Setaria viridis. 


The plants of this list, regarded as weeds, are of very various 
character; and several of them, such as White Clover and most 
of the grasses, where most dominant, do not fall under the ordi- 
nary definition of weeds at all, but under that of plants useful to 
the farmer. Some, like Purslane, are only garden-weeds; some 
belong to pastures and meadows; others affect road-sides. The 
fewness of European corn-weeds is remarkable. Chess and 
Corn-cockle (Lychnis Githago) are the only ones on the list. 
Corn Poppy, Blue-bottle and Knapweed (Centaurea Cyanus and 
C. nigra) and Larkspur are conspicuously wanting; but the 
last two are not wholly unknown in some parts of the country. 

But the only question before us is, whether these plants intro- 
duced from Europe are or are not self-fertilized, or more 
habitually so than others, so that this may be accounted an 
element of their predominance. Apparently this question 
must be oltmocel 4 in the negative. The question is not 
whether they are self-fertilizable. The great majority of plants 
are so, even of those specially adapted for intercrossing. The 
plants of this list appear to belong to the juste milieu. Only 
one (Rumex Acetosel/a) is completely dicecious; a few are incom- 
— dicecious or polygamous; the two species of Plantago are 

ichogamous to the extent of necessary dioicism or monoicism ; 
a large number of the corolline species are either proterandrous 
or proterogynous, including two or three anemophilous species, 
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and all the Grasses (which form the last quarter of the list) are 
anemophilous and more or less dichogamous, and therefore not 
rarely cross-fertilized. Of those which are not anemophilous 
we notice none which are not habitually visited by insects 
(except perhaps Gnaphalium uliginosum), and which therefore 
are almost as likely to be cross-fertilized as close-fertilized ; 
while in not a few (such as the Composite generally and most 
of the other Gamopetale) the arrangements which favor inter- 
crossing are explicit. There is no cleistogamous and therefore 
necessarily self-fertilized plant in the list, except Lamium am- 
plexicaule, which also cross-fertilizes freely. 

In California the prevalent weeds are largely different from 
those of the Atlantic States and, as would be expected, are 
mostly of indigenous species or immigrants from South 
America; yet the common weeds of the Oid World, especially 
of Southern Europe, are coming in. The well-established and 
aggressive ones, such as Brassica nigra, Silene Gallica, Hrodium 
cicutarium, Malva borealis, Medicago denticulata, Marrubium vul- 
gare and Avena sterilis, were perhaps introduced by way of 
Western South America. They are mostly plants capable of 
self-fertilization, but also with adaptations (of dichogamy and 
otherwise) which must secure occasional crossing. 

We cannot avoid the conclusion that self-fertilization is 
neither the cause, nor a perceptible cause of the prepotency of 
the European plants which are weeds in North America. 

A cursory examination brings us to a similar conclusion as 
respects the indigenous weeds of the Atlantic States, those 
herbs which under new conditions, have propagated most 
abundantly and rapidly, and competed most successfully in 
the strife for the possession of fields that have taken the 
sara of forest. The most aggressive of these in the Northern 

tates are Hpilobium spicatum in the newest clearings, which is 
dichogamous (proterandrous) to a degree which practically for- 
bids self-fertilization; and in older fields, Asclepias Cornutt, 
which is specially adapted for cross-fertilization by fiving 
insects; Antennaria plantaginifolia and A. margaritacea, which 
are dicecious; and next to these perhaps the two wild Straw- 
berries, then Hrigeron annuum and £. strigosum, with certain 
Asters and Golden-rods, all insect-visited and dichogamous, 
and Verbena hastata, urticrfolva, etc.. the frequent natural hybrid- 
ization of which testifies to habitual intercrossing. 

Those who suppose that only conspicuous or odorous flowers 
are visited by ives insects should see how bees throng the 
small, greenish, and to us odorless blossoms of Ampelopsis or 
Virginia Creeper and of its Japanese relative. 
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Art. XXVII.—On a possible cause of variation in the rtion 
of Oxygen in the Air; by Epw. W. Mor ey, M.D., Pu.D., | 
— of Chemistry in Western Reserve College, Hudson, 

Ohio. 


Proressor Loomis has proposed the theory that certain 
great and sudden depressions of temperature at the surface of 
the earth are caused, not by the transfer of cold air from higher 
to lower latitudes, but by the vertical descent of air from cold 
elevated parts of the atmosphere. The evidence supporting 
this theory was published in this Journal in January and July, 
1875. It occurred to the writer some time since that if this 
theory were true, as the evidence makes very probable, the air 
at the surface of the earth during such a great and sudden 
depression of temperature might well contain a smaller propor- 
tion of oxygen than the average. Dalton, reasoning from the 
fact that oxygen has a greater specific gravity than nitrogen, 
argued that the proportion of oxygen to nitrogen in the atmo- 
sphere should decrease with increasing altitude above the 
earth’s surface; whether he clearly enough recognized that 
such a regular decrease would be realized only in an atmo- 
sphere in a state of equilibrium undisturbed by convection 
currents, the writer does not know, not having seen Dalton’s 
memoir. Such a decrease of atmospheric oxygen with increas- 
ing altitude has not yet been detected by analysis, although the 
amount of decrease, on the theory that oxygen and nitrogen 
are distributed in the atmosphere according to the law which 
would prevail in case of equilibrium, is so rapid that it would 
be detected with ease, even in altitudes attained in every holi- 
day ascent of a balloon. This decrease may be calculated from 
the formula R=R,0°9832960 8, where H denotes the height 
above the earth’s surface expressed in kilometers, Ry denotes 
the ratio of the tension of oxygen to that of nitrogen at the 
surface of the earth, and R denotes the same ratio for the 
height H. The constant is computed from the determinations 
by Regnault of the weights of a litre of oxygen and of nitro- 
gen, and of the specific gravity of mercury. The following 
table gives in the second column the ratio of the tension of 
oxygen to that of nitrogen at the height in kilometers given in 
the first column, and the per cent of oxygen at the same 
height in the third column. The per centage of oxygen at the 
earth's surface assumed in the table is that used in the tables 
for gas analysis in Bunsen's Gasometrische Methoden. 

It will be seen that the composition here calculated for a 
height of a single kilometer isso different from that at the sur- 
face that analysis of no very refined accuracy would detect the 
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variation with ease. But no such variation has been detected 
even in samples of air collected at the greatest elevations 
attainable. 


Ratio of O | Per cent of 0. Height, Ratio of O | Per cent of O. 


Height, 
Kilometers. Kilometers. 


26°52 20°96 22°41 18°31 % 
26°08 20°68 18-93 15°92 
25°64 20°41 1600 13°79 
25°21 20°14 13°52 11°91 
2479 | 19°87 11°42 10°25 
24:38 19°60 9°65 8:80 
23°97 19°34 8°16 154 
23°57 19°07 6°89 6°45 
23°18 18°82 5°82 5°50 
22-79 18°56 4-92 4°69 


But although this is the case, it is certain that in the atmo- 
sphere of the same place at different times the oxygen varies 
by more than one-fortieth of its average amount. Variations 
so large as this are rare, but variations of the one-hundredth or 
two-hundredth part are common. It therefore seemed to the 
writer proper to examine whether facts bear out the conjecture 
that certain great and sudden local depressions of temperature 
are caused by the descent of cold air from the upper part of 
the atmosphere, and that such air may by its poverty in oxygen 
throw some light on a question in meteorology and a question 
concerning the physics of a mixture of different gases. 

In the number of Wiedemann’s Annalen for April of the 
current year, Jolly has published the results of numerous and 
very accurate analyses of atmospheric air. He asserts a con- 
nection between the variations in composition detected and the 
direction of the winds when the sample was collected. He 
considers himself justified in concluding that the atmosphere 
of tropical regions is rer in oxygen than that of polar 
regions, and supposes that at the equator more oxygen is con- 
sumed in processes of oxidation ‘oa is set free by those of 
reduction, while the opposite is true near the poles. Since no 
difference in the composition of the atmosphere at the equator 
and at the poles has been detected, while on this theory the 
difference must be one large enough to account for the extreme 
variations found in temperate regions, and to account for them 
after such abnormal air had been exposed to admixture with 
air of a different composition during a passage of thousands of 
miles, the writer fears that the theory of Jolly will need 
further proof. Other reasons for a similar doubt will suggest 
themselves, 

On the writer's theory, a sample of air collected at the center 
of an area covered by a descending current of cold air would 
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at some given instant be a sample fresh from the upper part of 
the atmosphere, but little exposed to admixture on the way. 
If before its descent it had remained at a great height for a 
long time, it might well have lost some of the oxygen which 
it contained when it was at some previous time at the level of 
the sea, and the difference might be enough to be detected. 
An observer at one side of this central point would have 
samples more or less mingled with surface air; but even then, 
a deficiency of oxygen might be detected by accurate analysis. 
The writer hopes to make arrangements for the regular col- 
lection of samples at points which Professor Loomis has indi- 
cated as regions of frequent descent of cold air from great 
heights. But while laying plans for the work, he has thought 
best to ascertain whether some light on the changes in the con- 
stitution of the atmosphere might be obtained by analyzing 
samples of air collected at home. Having an apparatus for 
gas analysis lately constructed for the study of the gas issuing 
from the numerous gas wells of his vicinity, he used this for 
such determinations. In general, the apparatus is constructed 
on the plan of McLeod’s modification of Frankland and Ward’s 
apparatus. But some important modifications have been intro- 
duced, and excellent workmanship was bestowed on details. 
Some such points but slightly concern analyses by explosion. 
The connection between the eudiometer and absorption tubes 
is novel, and has worked well. This will be described in some 
proper connection. Here will be described everything neces- 
sary for a judgment of the accuracy of the analyses to be cited. 
The eudiometer and pressure tubes were made from the 
writer’s drawings by Geissler, whose recent death is a loss to 
science, and a personal loss to so many who have been aided 
by him. The stop-stocks at the top of these tubes will retain 
a Torricellian vacuum for weeks. The internal diameters of 
the tubes are 209 and 10°7 millimeters. At the lower end of 
the eudiometer tube is a glass stop-cock, the use of which is 
simply to “ete the ready cleaning of the tube. Its glass 
plug is withdrawn, and in place of it is put one of vulcanite so 
ored that acids or water can be aspirated through the eudi- 
ometer without dismounting it and without drawing off the 
mercury from the pressure tube. The stop-cock at the top 
of the eudiometer tube is also provided with a similar plug for 
the same purpose. The pressure and eudiometer tubes are 
oumeainel by astream of water entering at the top of the 
pressure tube and running away from near the bottom of the 
two. The level of water is kept constant by a device similar 
to that of Thomas, described in a late number of the Journal 
of the Chemical Society, but perhaps superior to his in some 
respects. The flow of mercury to and from the movable 
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reservoir is controlled by an iron ee igen which is attached to 
the iron tripod support of the whole apparatus. The plug of 
this stop-cock is vertical, and is prolonged by a shaft which 

uts it within easy reach of the observer. By means of a long 
a on this shaft, the stop-cock can be moved with the 
greatest delicacy. From this stop-cock, an iron tube, cast in the 
same piece, extends under the ends of the glass tubes of the 
apparatus, and two small iron tubes rise from this horizontal 
tube; these last meet the glass tubes and are connected with 
them by short tubes of patent black rubber containing no free 
sulphur. The connectors are tied so as to endure the pressure 
of mercury having a head of several feet, and are surrounded 
with mercury so as to be absolutely air-tight. The plug of 
the iron stop-cock is also so surrounded with mercury that the 
entrance of air is absolutely impossible, and the same precau- 
tion was taken at the junction of the two small iron tubes with 
the horizontal tube. The cast iron of this tube and stop-cock 
is well japanned, and no leakage through its pores has 
occurred. 

The measurement of the volume of gas in such an appara- 
tus demands an accurate adjustment of the level of the mercury 
in the eudiometer tube to one of the marks of the graduations. 
Such an adjustment can be accurately made by admitting 
mercury very slowly from the reservoir, and closing the stop- 
cock at the required moment. But if now the temperature of 
the gas be not quite constant, the adjustment can be renewed 
for a second reading only by letting in or out a column of mer- 
cury of several millimeters, again permitting it very slowly to 
approach the proper level, and stopping at the instant of con- 
tact. It is quite impossible to open the stop-cock, admit the 
twentieth or fortieth of a millimeter of mercury, note the right 
instant, and then again close the stop-cock. But for accurate 
work, the means of altering the level of the mercury by such 
small quantities, and of doing it by a continuous movement, 
seemed important. In the end, therefore, of the horizontal 
iron tube, there works a plunger, packed with great care, 
which can be moved in or out by a screw. By means of this 
micrometric movement, the level of the mercury which has 
been adjusted by the stop-cock can be altered with the greatest 
delicacy, and readjusted till perfect steadiness is attained. 
Danger of leakage through the washers around the plunger was 
prevented by providing a seat into which, when the plunger is 
screwed quite home, it fits so as to cut off connection between 
the pressure tube and the rest of the apparatus. The mercury 
in the pressure tube is, by the use of this valve, always kept 
at such a height that any possible leakage is that of mercury 
outward, and not of air inward. 
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The eudiometer and pressure tubes are cemented into the 
brass cap of the glass cylinder containing the water intended 
to keep all parts of the apparatus at the same temperature, 
The level of to two graduations with respect to each other is 
therefore constant. 

When the writer planned to make analyses of air in order to 
detect if possible some law in its variations of composition, he 
expected to have to do with quantities but little larger than 
the errors of observations. Some thought was therefore given 
to the methods of keeping such errors as small as possible. It 
was hoped that if the probable error of a determination of oxygen 
with this apparatus was not larger than the probable error of 
the analyses made by Bunsen in January and February, 1846, 
the object of the analyses would be attained. Such analyses 
as those of Bunsen would abundantly serve to establish varia- 
tions of the four hundredth part of the average amount of 
oxygen contained in the atmosphere. The writer expected to 
have commonly to do with such variations, and therefore com- 
puted the comparative accuracy of analyses of air made with 
the long eudiometer of Bunsen’s experiments, and with the 
apparatus used in the present work. In the first analysis by 
Bunsen of the air of lang ninth, the length of the column 
of gas in the eudiometer was in round numbers, 840 millime- 
ters, and its tension 510. The tension was determined by four 
readings, and the apparent volume of air taken by one reading. 
An error in the last reading would produce also an error of 
the same sign in the observed tension, so that these two errors 
are not independent. Their influence on the result is therefore 
computed by simply adding them; the other errors are indepen- 
dent of this joint error and of each other. And the influence 
of the four independent errors on the result is computed by 
taking the square root of the sum of their squares. If we 
repeat this computation for the different volumes and tensions 
of the second and third measurements, referring all the probable 
errors to the volume of air first taken, and obtain the probable 
errors of the three measurements, we may obtain the probable 
error of the final result by adding the square of the first prob- 
able error to the squares of the third parts of the second and 
third, and taking the square root of the sum. 

The probable error of a single reading of the level of the 
mercury in Bunsen’s experiments is not given; but we may 
compare the two methods by assuming arbitrarily some proba- 
ble error, provided that we assume the same error in both 
computations. The first column of the following table gives 
the influence of a probable error of one-tenth of a millimeter 
in a single reading in each of the three measurements of the 
analysis quoted from Bunsen. 
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In the measurement of a volume of gas with the Frankland 
and Ward or McLeod apparatus, the mercury is brought to 
that mark in the eudiometer tube which will give a suitable 
tension, and the height in the pressure tube at which the mer- 
cury stands is determined. An error in determining the vol- 
ume of gas in the eudiometer tube involves an error of the 
same sign in the observed tension. If we add these two 
dependent errors we have one of the two independent errors 
affecting this mode of measurement, the other being the error 
probably made in determining the upper level of the mercury 
in the pressure tube. Adding the squares of these two and 
taking the square root, we have the probable error of a meas- 
urement with the apparatus. If we treat the second and third 
measurement in the same way, and compute the effect of these 
three probable errors on the final result, we get the numbers in 
the second column of the following table. 


Probable errors of measurements of gas, and of final results, occasioned by a probable 
error of the tenth of a millimeter in each reading. 


In Analysis With Frankland 
cited from Bunsen. and Ward apparatus. 
In measurement of air taken 0°046 0°034 
In measurement of air and hydrogen 0°050 0°042 
In measurement after explosion --.. 0°039 0°031 
Probable error of result 0°051 0-038 


It is obvious that with the same error probable in each read- 
ing, the use of the rapidly working apparatus involves no 
sacrifice of accuracy to convenience, as far as the conditions 
of observation are concerned. 

To obtain the degree of accuracy needed for the present pur- 
pose, it is necessary to take account of the expansion of the 
mercury in the column which measures the pressure, and also 
of the linear expansion of the scale which measures the tension, 
and of the cubical expansion of the eudiometer tube. Since 
all these are at the same temperature with the gas to be meas- 
ured, it is easy ¢o prepare a table giving the correction not only 
for the expansion of the gas but po for the expansion of mer- 
cury, scale and eudiometer. Such a table, giving on a single 

e, for every tenth of a centigrade degree from zero to thirty 
egrees, the logarithmic factor to be added to the logarithms 
of the observed volume and observed tension, makes the work 
of reduction very slight. Most tables of correction of the 
volumes of gas contain a logarithm to be subtracted; for con- 
venience it should be additive; and five places of decimals 
should not be exceeded. Unless measurements can be made 
ten times more accurate than Bunsen’s, five places of logarithms 
distinguish smaller differences than observation deals with; 
five places permit instant interpolation for hundredths of a 
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degree, and a greater number waste time and possess no advan- 
tage whatever. : 

he eudiometer was calibrated by filling it with air-free 
water, and weighing the quantity expelled as the mercury rose 
to each successive mark of the graduation. This was done 
four times for each division; the probable error of a single 
determination was found to be 8°6 milligrams of water. The 
results were all reduced to the temperature of melting ice. 
There were seventeen divisions in the eudiometer tube, now 
broken, which was used in all the analyses in this paper. The 
volume of gas to be measured was always brought to one of 
the two divisions which permitted measurement under the 
most favorable conditions, and its tension determined ; it was 
then brought to the other division, and its tension again deter- 
mined. ‘T'wo independent measurements thus obtained elimi- 
nated the chance of error in identifying divisions on the scale, 
and also afforded the means of ascertaining the probable 
error of a measurement. In the analyses contained in this 
paper, the quantity of air taken was unfortunately limited by 
the circumstance that the collecting tubes at hand were small; 
the probable error of the results so far obtained is therefore 
much greater than is due to the care used in observing. In 
analyses made after the present month this mistake of judg- 
ment will be corrected. The mean quantity of air taken in 
an analysis so far has been 38°9 cubic centimeters measured at 
zero and 760 millimeters. From 196 pairs of measurements it 
has been computed that the probable error of a single determi- 
nation of volume is its 5800th part. Hence the probable error 
of a determination of oxygen in the air is the 7200th part, and 
the probable difference of two determinations on the same sam- 
ple is the 5100th part. A second analysis was always made 
when the first showed a deficiency of oxygen. A comparison 
of the results will show whether the accuracy indicated by 
computation was obtained.* The writer has in hand an entirely 
new construction of the pressure tube, and some modifications 
of the optical appliances for reading the level of the mercury 
in the eudiometer tube, by which he hopes considerably to 
lessen this probable error. 

The samples of air analyzed were collected in the open 
country in glass vessels with due care as to admixture with the 
air from the collector's lungs, preserved over mercury, freed 
from carbonic acid, and exploded with hydrogen, of proved 
purity, obtained by galvanic decomposition of water. But 

* The divergence of the second result of February 26th from the first is due to 
the fact that in the second analysis the hydrogen used was not pure. As none 
of the sample remained for a third experiment. the second result is given in con- 
firmation of the first. But this pair of results should not be used in computing 
probable errors. 
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some samples .were collected in clean stoppered and capped 
bottles, and kept for a short time by inverting the bottle in the 
cap which had been filled with water. In this case the air 
was withdrawn for analysis with a Toepler’s mercury pump. 

The table gives in the first column the date, in the second, 
the mean temperature of the day at this place as determined 
by three observations. In the third, on the days when analyses 
were made, the hour of collecting the sampie is given, frac- 
tions of hours being disregarded. In the last two columns are 
given the hundredths - cent found by analysis, the figures 
twenty and the decimal point being suppressed. The figures 
ninety-six, for instance, in this column mean 20°96 per cent of 
oxygen. Within the time covered bY the analyses now pub- 
lished, there were several well marked great and sudden 
depressions of temperature, and the figures show the falling 
off in the proportion of oxygen in the air at these times to be 
as well marked as the depression of temperature. The defi- 
ciency is not 2a, ar to the depression of temperature ; 
this could not be expected. 

It may be said that these analyses were commenced in March, 
1878, but in December of that year, a doubt was felt whether 
it were absolutely certain that in every case the air and hydro- 
gen had been completely mixed before explosion. In test 
cases, the air and hydrogen had been permitted to diffuse into 
each other for eighteen hours before explosion, and the results 
were the same as in the usual course of analysis; but the 
analyses are not here given, although they contain only evi- 
dence perfectly agreeing with that here presented. In all the 
analyses here printed, the air and hydrogen were known to be 
thoroughly mixed; they were driven as rapidly as possible 
through a capillary tube twelve or twenty times. All made 
between the first and last dates of the table are given without 
selection, except that some were rejected for obvious instru- 
mental errors. 

The remarkable deficiency of oxygen observed on the 
twenty-sixth of February seems affected with no reason for 
doubt. On Sept. 16, 1878, two very careful analyses of the 
same sample gave 20°49 and 20°46 per cent of oxygen. On 
July 19, and Nov. 10, 1877, Jolly found 20°56 per cent. The 
Neues Handworterbuch der Chemie, i, 856, cites an analysis 
of air from the Bay of Bengal showing 20°46 per cent, one of 
air from near Calcutta, showing 20°39 per cent, and one of air 
from near Algiers, showing 20°41 percent. That Jolly and 
the writer have found air almost as deficient in oxygen as the 
three last will lessen the probability that the air of the surface 
of the earth in the Torrid zone is normally poor in oxygen. 
One of the first cases of a supposed descent of cold air from 
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ANALYSES OF AIR, 


Showing deficiency of Oxygen attending sudden depression of temperature. 
WINTER OF 1878-1879. 


‘empera- n. of takin 
tere, ture. F. samples — 


98 96 26°3 9a.M. | 95 
25°7 
24'1 
23°2 
18°9 
179 
25°4 
21°5 
371 
22°3 
24°1 
38°7 
34°3 
37°2 
35°9 
41°6 
34°1 
51°0 
61°8 
58°4 
54°4 
40°3 
39°4 
29°3 


| Date. 
Dec.28} 4P.M. 
29) 14°8 
30} 19°3 
31] 16°2 
Jan. 1| 23° 87 
2 4 P.M. 
10 P.M. 
3) 9 
| 1PM. 
4) 
5) 50 
6} 13°5 3 P.M. 80 
19°3 
26°4 
9} 16°9 
10) 96 | WAM 
ll} 206 
12] 260 
13} 27°9 
14) 26:3 
15} 25:8 
16} 28°5 
17} 
19} 15°9 
20; 99 
21} 26°0 
22) 37-7 15} 9 A.M, 88 84 
23) 28°3 9PM. 84 86 
24) 32°5 16} 25°3 9PM. | 92 92 
25) 32°4 17| 24°65 89 90 
26) 23°7 18} 24:3 
27| 19} 28°7 
28) 37°4 9am. | 96 20) 331 
29) 31°65 21) 
| 30} -.. 22) 34°6 
31] 23) 31°7 
Feb. 1) 18°5 9 A.M. 96 24; 401 
9PM. 94 94 25) 
2} 19°8 9a.M./ 91 93 26) 38:2 
3] 26°8 28) 
4) 281 29); 45°9 
5] 315 30| 33-3 
6} 31) 31°9 
2571 Apr. 1} 33°7% 
28°5 2| 29°9 
9} 24-0 3 25 at "7 
10) 85 87 
5644 4) 271 80 80 
12} 265 88 85 
14 86 82 
15] 4p.m.! 88 86 6| 39°4 
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an elevation mentioned by Loomis occurred in the warmer 
parts of thiscountry. If his theory finds favor, and the writer's 
conjecture is correct, it will be presumed that the three samples 
cited in the Handworterbuch from the still warmer regions of 
the earth were taken in the midst of such a mass of cold air 
descending from, and retaining the composition of, the upper 
parts of the earth’s atmosphere. 

The analyses here printed should not be used in determining 
the average composition of the air by combining analyses from 
all sources. Whether the writer’s conjecture is correct or not, 
it has enabled him to select times for taking samples of air 
varying widely from the average ; and to such times his analy- 
ses have been commonly limited, only occasionally including 
a sample of presumably normal air to serve as a check on the 
abnormal. 

Western Reserve College, Hudson, Ohio, June 12, 1879. 


Art. XXVIII.—Principal J. W. Dawson's criticism of my Mem- 
oir On the Structure of Kozoon Canadense compared with that of 
Foraminifera; by K. Mostus, Professor of Zoology at Kiel.* 


IF it were true that “the organic character of Eozoon is at 
present generally admitted,” as Dr. Dawson says in his criticism 
on my memoir, I could have spared myself the trouble of 
elaborating, and others that of reading, my studies. But 
every one who has paid attention to this question knows that 
this statement of Dr. Dawson is not correct. As long as two 
different opinions about one object in nature are maintained, 
and on both sides by men whose learning and honesty in the 
search for the truth cannot be —— so long are renewed 
studies and descriptions of the differently judged object a scien- 
tific duty for all who believe that they have the true explanation. 
For every phenomenon in nature but one thoroughly true ex- 

lanation is possible. This principle, as stated in my memoir 
. 178), has guided me in ee it for the scientific public. 

Dr. Dawson says further, “As fast as one opponent” (against 
the organic character of Eozoon) ‘“‘is disposed of, another 
appears.” And he rises, himself, to dispose of me, the last of 
the opponents. 

* For Dr. Dawson’s paper see this Journal, xvii, 196, March, 1879. 

[Thinking that Professor Mébius should have, if he desired, an opportunity to 
reply to Dr. Dawson’s criticism, and that science would profit thereby, we offered 
him the pages of this Journal, and stated that we should be pleased if he would 
occupy them and give his views on the subject; informing him, at the same time 
(in order to remove any objections that might arise in his mind), that there would 
be no rejoinder in this Journal. Professor Mobius has accordingly prepared for 
us the article now published. J. D. D. 
Am. Jour. Vou. XVIII, No. 105.—SEpr., 1879, 
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Wo one should be able to do so better than he. It was he 
who described the Hozoon.Canadense as an organism; who has, 
moreover, a very fine collection of specimens of Eozoon, and 
has studied the EHozoon in situ and is fully acquainted with 
the literature relating to it. I could not, indeed, have wished 
for a more experienced reviewer, to show me where I had fallen 
into error and where I had found the truth. 

It is Mr. Dawson’s belief that few scientific men are in a 
position fully to appreciate the evidence respecting the organic 
character of Eozoon; that this is true of the geologists and 
mineralogists, because they do not yet agree with regard to the 
nature of the rocks in which it occurs; and of the biologists, 
because “they are but little acquainted with the appearance 
of foraminiferal organisms when mineralized with silicates.” 
“Nor are they willing,” he says, “to admit the possibility that 
these ancient organisms may have presented a much more gen- 
eralized and less definite structure than their modern successors. 
Worse, perhaps, than all these, is the circumstance that dealers 
and injudicious amateurs have intervened and have circulated 
specimens of Eozoon, in which the structure is too imperfectly 
preserved to admit of its recognition.” These are the principal 
points in the introduction to Principal Dawson’s criticism on 
my paper. He continues: ‘The memoir of Professor Mébius 
affords illustrations of some of these difficulties in the study of 
Eozoon.” 

I hope Principal Dawson will concede that, in my memoir, 
there is no evidence that the different hypotheses with regard 
to the — character of the strata in which the Eozoon 
occurs have puzzled me; nor that any previously conceived 
hypothesis has influenced me in my conclusions. To bypoth- 
eses of this kind I have briefly alluded in the last chapter of 
my memoir where I say: “While excluding Eozoon from the 
organic world by scientific arguments, it is by no means 
maintained that in the Laurentian period there may not have 
existed organisms. It is possible that the graphite of the Lau- 
rentian beds may have originated from organisms.” These 
words ought plainly to have shown Mr. Dawson that no geo- 
logical hypothesis compelled me in advance to deny the organic 
nature of Kozoon. On the contrary, in the beginning of my 
studies I hoped to gain conclusive evidence in favor of the organic 
character of Eozoon, as I have stated in my memoir, chapter 
VI: “It is to mea source of regret that I cannot say to Messrs. 
Dawson and Carpenter, who have so kindly aided me in my 
-work, that Hozoon Canadense must be considered, from my re- 
searches also, a fossil Foraminifer.” I quote these words here 
for the benefit of those readers of Principal Dawson’s criticism 
who are not acquainted with my memoir. 
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I was familiar with the structure of fossilized Foraminifera, 
as can be seen from several notations and figures in my paper. 
Nor was I unwilling to admit that the structure of Eozoon 
might be different from that of modern Foraminifera, as is evi- 
dent from the following words in my memoir (p. 188): 

“Tf all the structures of Eozoon, in the same layers and forms 
that they have in the best specimens circulated by Dawson and 
Carpenter, were indeed produced by living beings, the living 
Eozoon must have had a nature totally different from that of 
all plants and animals we know. If it were possible to prove 
that Eozoon is a fossil and not a mineral, we must then make 
two divisions of organic bodies, viz: 1, organic bodies with 
protoplasmic nature (all plants and animals); 2, organic bodies 
with eozoonic nature (Hozoon Dawson). In the genealogical 
line, in which the theory of evolution or descent unites all 
protoplasmic beings, there is no place for Eozoon.” 

Further, not a single one of all the specimens of Eozoon, 
which I studied, came from the hands of “ dealers or injudicious 
amateurs,” but all directly or indirectly from Messrs. Dawson 
and Carpenter. This I have said repeatedly in my paper. I 
am consequently much surprised at tne words of Dr. Dawson: 
“The memoir of Professor Mobius affords illustrations of some 
of these difficulties in the study of Eozoon.” 

Why should Principal Dawson write thus about my memoir 
if he has read it throughout with attention and understanding ? 
It bears full evidence that I had not to struggle in the slightest 
degree with such difficulties. 

But Principal Dawson has read my paper, and he points out 
two errors in it, viz: 1, I have (on p. 180) taken as a figure of 
full natural size a very large specimen of Eozoon, which Prin- 
cipal Dawson on plate III of his “ Dawn of Life” has presented 
of half the natural size; 2, on the same page I say: “ We know 
specimens of Eozoon which have more than fifty whitish and 
greenish laming,” on which Mr. Dawson remarks, that they 
often have more than a hundred. 

For these corrections I offer my sincerest thanks. Other 
substantial errors he has not mentioned. If he will do so, I 
shall be further grateful to him. For if in a paper of mine an 
error is unveiled, the first displeasure I feel in having not been 
careful enough to avoid making a mistake, is very soon effaced 
by the satisfaction of seeing the pure and certain truth come 
forth. No naturalist, in any branch of science, has ever dis- 
covered and brought out at once the whole truth in all directions. 
It is evident that those two mistakes are of no significance in 
deciding the question whether Hozoon Canadense is an organism 
or not. 

But Dr. Dawson writes further (p. 197): “Mébius has 
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had access merely to a limited number of specimens min- 
_ eralized with serpentine. These he has elaborately studied, 
and has made careful drawings of portions of their structures, 
and has described these with some degree of accuracy; and 
his memoir has been profusely illustrated with figures on a 
awe scale. This, and the fact of the memoir appearing where 
it does, convey the impression of an exhaustive study of the 
~ subject, and since the conclusion is adverse to the organic char- 
acter of Eozoon, this paper may be expected, in the opinion 
of many not fully acquainted with the evidence, to be regarded 
as a final decision against its animal nature. Yet, however 
commendable the researches of Mébius may be, when viewed 
on the evidence of the material he may have at command, they 
furnish only another illustration of partial and imperfect investi- 
gation, quite unreliable as a verdict on the questions in hand.” 

On reading these lines one cannot but be astonished and ask, 
whether they were written by the same author, who said a few 
lines before: “ Professor Mobius is a good microscopist, fairly 
acquainted with the modern Foraminifera, and a conscientious 
observer.” This impression he must also have gained from 
my paper on Hozoon Canadense. 

Principal Dawson, in saying I have had access “ merely to a 
limited number of specimens” of Eozoon, should have stated 
exactly how many specimens are to be studied to gain a con- 
clusive judgment in regard to its real nature. It has often 
happened that biologists and paleontologists have had not more 
than one specimen in hand, or even not more than a part of a 
specimen, and notwithstanding they were in a position to 
determine surely its place in the organic kingdom. He says, 
further: “Mébius has made drawings of portions of the structure 
of Eozoon ;” he does not state what structures I have omitted. 
I have certainly made careful drawings and descriptions of all 
the Eozoon-structure, which according to Messrs. Dawson and 
Carpenter corresponds with the chambers, the communications 
between them, the tubuli of the proper wall of the chambers, and 
the canal-system in the intermediate skeleton of Foraminifera. 

Principal Dawson says again: “ Mdbius has described these 
structures with some degree of accuracy.” It would have been 
more satisfactory if he had pointed out the imperfectious of 
my descriptions, each one for itself and all without reserve. I 
should have been grateful for the aid in improving my descrip- 
tions of Eozoon. 

Principal Dawson evidently apprehends that my “ profusely 
illustrated” paper may convey the impression of an exhaustive 
study of the subject. That was indeed my purpose. Has he 
not read or understood my remarks (pp. 178 and 179) in regard 
to the necessity of many good drawings of all the structures of 


i 


K. Mobius in reply to Dr. Dawson's Criticism. 181 


Eozoon? Or, had he in writing his criticism the opinion that 
it = be read by those only who would never see my paper 
itself 

But how can he venture to say: “The fact of the memoir 
appearing where it does conveys the impression of an exhausting 
study of the subject?” A bad paper has never gained the con- 
‘tinued assent of the public through the fame of. the Journal in 
which it appeared. In giving my paper to the editors of the 
illustrious ‘‘ Paleeontographica ” id had by no means the inten- 
tion of gaining for it any higher opinion than it deserves by 
itself. 1 wished to bring it before a disinterested and judicious 
public; besides, I knew that the publisher of the “ Palzonto- 
graphica” would take care to print my drawings very exactly, 
and he has done so. 

After having made these objections in general, Principal 
Dawson considers “a number of errors and omissions arising 
from want of study of the fossil cn situ, and from want of ac- 
quaintance with its various states of preservation.” 

If Principal Dawson demands that nobody should venture 
to judge of the nature of Eozoon but those who have seen it in 
situ, he claims in favor of his Hozoon Canadense an exception 
over all productions of the accessible world. When writing 
these lines he overlooked the fact that Mineralogy, Paleontol- 
ogy, Botany and Zoology contain a very great number of uni- 
versally appreciated memoirs concerning objects which the 
authors have never seen in 

It was my intention to study Eozoon from a biological point 
of view, which is indeed shown in the title of my memoir, viz: 
“The structure of Hozoon Canadense, compared with that of Fora- 
minifera, by my own investigations.” 

It seems strange that Principal Dawson quotes in his criticism 
but the first five words of this title. it were actually so 
short, many things might have been left out which the real title 
promises. For my purpose, the examination of Eozoon from 
a biological point of view, I was in a very favorable situation, 
because a very large number of specimens of Hozoon Canadense 
were at my disposal, which Messrs. Dawson and Carpenter 
had sent directly to me or to other naturalists. 

Can I now be reproached, that I accepted all specimens of 
Eozoon as genuine, which the two principal defendants of its 
animal nature had proved! But if Principal Dawson means 
that my drawings and descriptions were insufficient to show all 
variations and all degrees of preservation of his Hozoon Cana- 
dense, I would request him urgently to send me such specimens 
_as will enable me to improve my researches. I shall accept 
them with my best eae study them very exactly, and will 
bring all I shall find conscientiously before the scientific public. 
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On p. 187 of my paper I say: “It is impossible to detect in 
any specimen of Hozoon any spot, from which there could have 
originated all the serpentine bodies of this specimen, and which 
therefore might agree with the primary chamber of Foraminif- 
era.” When Mr. Dawson, in alluding to these lines, writes (p. 
198): “‘ Mébius objects to the impossibility of detecting regular 

rimary chambers like those in modern Sesmaiations” he has 
interpolated the word, “regular,” for the sake of the argument; 
he adds: “ MGbius seems not to be aware that some Stroma- 
toporee originate in a vesicular irregular mass of cells, and that 
in Loftusia the primary chamber is represented by a merely 
cancellated nucleus.” From this it is evident, that not J, but 
Mr. Dawson has failed here. 

He says further: “ With reference to the finely tubulated 
proper wall of Eozoon, Mobius has fallen into an error scarcely 
excusable in an observer of his experience, except on the plea 
of insufficient access to specimens.” In writing this, Principal 
Dawson omitted to state that I studied only those specimens of 
Eozoon which had come from him and Dr. Carpenter, and that 
these were indeed very many in number. I beg him to read 
again the explanations of my drawings, and he will find in 


highly magnified; after 
J. W. Dawson. 
Tubuli in the Kempten mineral ( x 220). 


many places quoted: ‘Nummuline tubulation,” written from 
pera ~ Dr. Carpenter himself on the figured preparations. 
But Dawson agrees exactly in regard to the “Nummuline 
tubulation.” Both Eozoonists consider the chrysotile veins as 
the proper wall filled with fine cylinders of silicate. I could 
not detect in any specimen of Eozoon the slightest traces of 
such tubuli as Principal Dawson has figured in “ The Dawn of 
Life” (p. 106). I give here a copy of this figure (1). If Eozoon 
did indeed contain tubuli of such organic regularity, we should 
have reason enough to agree with him in considering it Foram- 
iniferal, as well as the specimen from Kempten, Bavaria, which 
Principal Dawson advises me to study (p. 199). I can assure 
him that I did so before I wrote my memoir, and from prepa- 
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Cell-wall of Eozoon, when 
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rations which were kindly forwarded to me by Dr. Hahn at 
Reutlingen. I add here a drawing of the tubuli in a slice (fig. 2). 

Principal Dawson remarks: “That some of Mébius’s speci- 
mens have contained the proper wall fairly preserved is obvious 
from his own figures, in which it is possible to recognize both 
this structure and the chrysotile veins, though confounded by 
him under the same designation.” Why does he not state what 
figures these are, and why has he neglected to’ give a copy of 
them in his review, since he has taken some ae figures of 
mine as evidence of the foraminiferal character of Eozoon ? 

In the same paragraph Principal Dawson speaks in detail of 
the different difficulties met with in distinguishing the minute 
tubes. I quote his own words, viz: ‘ When the proper wall is 
merely calcareous, its structure is ordinarily invisible, and it is 
the same when the calcareous skeleton has, from any cause, lost 
its transparency, or has been replaced by some other mineral 
substance. Even in thickish slices, the tubes, though filled with 
serpentine, may be so piled on one another as to be indistinct.” 
Indeed these lines are quite like an esoteric Eozoon mystery ; 
but every true natural Tectsion only contains exoteric theses. 

Principal Dawson speaks of my description of what he calls 
the “Canal system.” He urges that I was mistaken in think- 
ing that round and regularly branching stalk-like bodies are 
rather exceptional. I can assure him that I have found in all 
specimens of Eozoon circulated by Dawson and Carpenter al- 
most only such flat and irregular branched stalk-like bodies 
as I have illustrated in my figures. It ought to be admitted 
that as soon as the first objections against the organic character 
of Eozoon were made, Messrs. Dawson and Carpenter distributed 
only good specimens of Eozoon; and it would be very strange, 
if just those of their specimens which came into my hands had 
not the genuine structure, but such qualities as speak against 
the organic nature of Eozoon. 

Principal Dawson brings before the readers of his criticism 
in the figures 1 and 2 (p. 201), two of my drawings of the stalk- 
like bodies traversing the associated limestone and regarded b 
Eozoonists as casts of canals. He has chosen just those whic 
differ very little from figures which he and Carpenter have 
added formerly to their descriptions of Eozoon. hy did he 
not copy instead of these figures, drawings of the many isolated 
stalk-like bodies which fill up the “canal systems” and to 
which I devoted a whole plate? And why does he not speak 
of those of my drawings which present the casts of the “canal 
systems” colored by Fuchsin, showing beyond doubt that these 
are only irregularly curved stalks or plates. 

I feel sure that Mr. Dawson will also get the same views of 
the real forms of the “canal system” if he will only employ 
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my methods. The two figures which he has chosen out of my 
plates can only serve as evidence for the foraminiferal nature 
of Eozoon to those readers of Mr. Dawson’s criticism, who have 
never had my memoir in their hands. In selecting these two 
figures, Mr. Dawson has a roved that his views as to the 
canal nature of the stalk-like bodies are very weakly supported. 

“ Another objection against the organic nature of Eozoon,” 
says Principal Dawson, P. 200, “‘ Mobius takes to the directions 
of the canals, as not being transverse to the laminae, but 
oblique.” Here Mr. Dawson did not understand me rightly. 
I say, chapter IV, p. 184, in regard to the fine tubes of Foramini- 
fera (which are regarded as resembling the chrysotile fibers), 
that they are usually directed transversely to the inner and 
outer sides of the chamber-wall, and I show this by figures of 
Foraminifera, for instance, by the figure of a slice of a Num- 
muline, which Dawson has copied, fig. 4, p. 201. My remark 
about the direction of the fine tubes Mr. Dawson refers to his 
“canal system,” to which it does not belong at all. It is there- 
fore not J, but Mr. Dawson, who makes a mistake. 

Paragraph 4 of Principal Dawson’s criticism (p. 200), begins 
with the words: “A fatal defect in the mode of treatment 
pursued by Mobius is that he regards each of the structures 
separately and does not sufficiently consider their cumulative 
force when taken together.” Principal Dawson has either not 
read, or not understood, chapter VI of my memoir. In this 
chapter my only object was to compare the structures of 
Eozoon, as a whole, with the structures of Foraminifera. I 
am convinced that I could not better explain the structure of 
Eozoon than by describing first each structure particularly, 
before I compared them all together with the Foraminifera ; 
and all disinterested biologists and paleontologists will agree 
that there is no better method of treating such an object. 

Next follows, in Dr. Dawsoun’s criticism, a reswmé of his well- 
known opinions about the organic nature of Eozoon. I will 
only make a remark about one of the eight points which he 
makes. He says, point 8: “The general form, lamination and 
chambers of Eozoon resemble those of the Silurian Stromatopora 
and its allies, and of such modern sessile Foraminifera as Car- 
penteria and Polytrema.” No one who is minutely acquainted 
with the structure of Eozoon, Stromatopora, Carpenteria and 
Polytrema can maintain such an opinion. If Principal Daw- 
son had only compared my figures of Carpenteria, Rhaphidoden- 
dron, and Polytrema miniaceum, closely with the structures of 
Eozoon, he would certainly not have made this statement. 

The dear old Polytrema! Ever since the celebrated Pro- 
fessor Max Schultze said that it resembled Eozoon, Polytrema 
has served ever and anon as evidence for the organic nature of 
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Eozoon. If Max Schultze had been acquainted with the struct- 
ure of EKozoon as well as with the structure of Polytrema his 
histological genius would certainly have prevented him from 
making such an assertion. 

Further on, Mr. Dawson reproaches me for saying that: ‘Dr. 
Carpenter and Principal Dawson have leaned to a subjective 
treatment of Eozoon, representing its structure in a somewhat 
idealized manner.” Where did I say this? On p. 188 I said 
about their diagrams of Eozoon: “Carpenter and Dawson 
show clearly by the diagrams of Hozoon Canadense that they 
assume for the supposed living being, which has, in their opin- 
ions, formed the shell of Eozoon, the power of producing 
structures of organic regularity.” And, sei Isay: “The 
iadividual pecularities of diagrams should not exceed the lim- 
its of the known variability of the real specimens. But in the 
Eozoon diagrams of Carpenter and Dawson these limits are 
exceeded.” These are my words. I am convinced that every 
naturalist who is free from prejudice will agree with me in 
regard to Carpenter’s and Dawson’s diagrams. 

In the last page of his criticism Mr. Dawson points to his 
“careful examination and selection of specimens, etc., of 
Eozoon, in comparison with the works of others who arrive at 
conclusions in easier ways,” and he concludes with the words: 
“Taken with the above cautions and explanations, the memoir 
of Professor Mébius may be regarded as an interesting and 
useful illustration of the structures of Eozoon, though from a point 
of view somewhat too limited to be wholly satisfactory.” I 
here warn every naturalist who has not seen my memoir, not 
to think that it is an illustration of the organic nature of Eozoon. 

The final result of my paper, that the Eozoon can not bea 
a organic formation, will be maintained until Principal 

awson declares that all specimens of Eozoon which he has 
given away are not genuine representatives of his Hozoun Can- 
adense. and until he has put into the hands of naturalists who 
are well acquainted with the structure of Foraminifera the 
genuine representatives of his Hozoon Canadense, which shows 
that organic nature sustained by Carpenter and himself. If 
he will kindly seud me such representatives of his Hozoon Can- 
adense, I will willingly forgive him that he has disappointed 
me and other naturalists. I will examine those genuine speci- 
mens with the same care and conscientiousness; and if I find 
a true organic structure, I will avow, without hesitation, that 
the genuine Hozoon Canadense was an animal. The aim of all 
my researches is this: not that I should be the one to find the 
truth, but that the druth should be found and brought to the 
light. No error will be changed into truth by constantly 
believing, nor by persistently declaring, it as truth. 
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Art. XXIX.—On the Estherville, Emmet County, Iowa, Meteorite 
of May 10th, 1879; by CHARLES UPHAM SHEPARD, Emeritus 
Professor of Natural History in Amherst College. 


For the circumstances attending this third fall of aerolites in 
the State of lowa since the year 1847, I am indebted to a notice 
ublished in the Chicago Times by Mr. 8. E. Bemis, and to 
etters from Mr. Howard Graves and Mr. Henry Barber of Es- 
therville.* 
The fall occurred at 5 Pp. M. on the 10th of May, attended by 
a terrible explosion, resembling the discharge of a cannon, onl 
louder. It seemed to proceed from a region high up in mid- 
air; and was followed by a second report, more like a heavy 
blast. This again was succeeded by one or two more reports, 
that may have been echoes of the two first. Nearly a minute 
after, a rumbling sound was heard, apparently passing from 
the northeast to the southwest. The sky was clear at the time, 
or only a few fleecy clouds were visible.. An observer, Mr. 
Charles Ega, looking in the direction of the report, could see 
nothing on account of the sun’s rays; but following with his 
eye the direction of the roaring sound that succeeded, he saw 
dirt thrown high into the air at the edge of a ravine, one hun- 
dred rods northeast of where he was standing. At a like dis- 
tance, still farther away in the same direction, a similar disturb- 
ance of the ground was seen by Mr. Barber. Another witness, 
Mr. S. W. Brown, living three-quarters of a mile distant, being 
in the edge of a wood, and having his eyes directed upward at 
the moment for the inspection of some oak trees, saw a red 
streak in the heavens; and while looking at it, the explosion 
took place. It appeared to him, that the meteor was passing 
from west to east; and that when it burst, there was a cloud at 
the head of the red streak, which darted out of it like smoke 
from a cannon’s mouth, and then expanded in every direction. 
On examining the ravine where a body was seen to strike, a 
hole in the ground was discovered, twelve feet in diameter and 
six in depth. It was filled with water. Within this hole, ata 
depth of fourteen feet below the general surface of the ground, 
the large mass, weighing four hundred and thirty-one pounds, 
was found. It had penetrated a stratum of blue clay to the 
depth of six feet, before its progress had been arrested. The 
mass measured twenty-seven inches in length, by twenty-two 
and three-quarters in breadth, and fifteen in thickness. Its 
surface is described as “fearfully rough,” with ragged projec- 
tions of metal. From one of these a portion was detached, and 
shaped into a finger-ring. After much searching, there have 


* A short notice of this meteorite’s fall, by Professor S. F. Peckham, is given 
on page 77 of this volume.—Eps. 
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since been found in the immediate vicinity of the hole, several 
smaller masses, varying in weight from one to eight ounces; 
also one mass of four pounds, and another of thirty-two. 

At the distance of two miles from this spot, in a westerly 
direction, a mass of one hundred and fifty-one pounds was also 
discovered. It was imbedded in a dry, gravelly soil, at the 
depth of four and a half feet. This specimen is in the posses- 
sion of the University of Minnesota at Minneapolis. 


Description of the Meteorite. 


The specimens thus far received (for which I am indebted 
to Mr. Graves), though numerous, are all small, the largest 
weighing only 147-7 grammes: nevertheless, accompanied as 
they are with a general description of the main masses, they 
afford the means of arriving at a tolerably clear conception of 
the general character of this very remarkable meteorite. It is 
marked by the unusual prevalence of chrysolite and meteoric 
iron, the former [pend constituting two-thirds its bulk; also 
by the size and distinctness of the chrysolitic individuals, 
together with their pretty uniform, yellowish-gray or greenish- 
black color; and by the ramose or branching structure of the 
meteoric iron. Nearly one-half of the chrysolite, however, is 
more massive, approaching fine granular, or compact. Yet in this 
condition it is still highly crystalline, and difficultly frangible. 
This portion is of an ash-gray, flecked with specks of a dull 
greenish-yellow color. The luster is feebly shining. It is without 
any traces of decomposition ; on the contrary, it is throughout a 
fresh, undecomposed crystalline aggregate. Especially is it ob- 
servable, that the stony portions nowhere present traces of the 
oolitic, or semi-porphyritic structure, so common in meteoric 
stones. 

The mean specific gravity of four examples of the stony por- 
tion was found to be 3°35. The crust upon this variety is of 
the usual thickness, black, without luster, and much wrinkled. 
One of the fragments shows a cavity of half an inch area, com- 
pletely lined with a shining dark-green glass, as if from the 
perfect fusion of chrysolite. 

The meteoric iron, besides being in ramose branches, is also 
in enveloping coatings around the chrysolite, somewhat as in 
the Pallas and Atacama irons. The specific gravity of this ag- 
gregate, cleared of the stony part, was 5:97; that of the large 
specimen of 147-7 grams, was 454. The presence of schrei- 
bersite in the metal is apparent to the naked eye; also traces 
of the Widman figures which so constantly attend its presence, 
and to which they owe their production. 

_ A very remarkable appearance is exhibited by the meteoric 
iron in some of the specimens. It is the bright silvery whiteness 
of the metal where it forms a portion of the exterior of the 
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stone. It appears to have been fused and is surrounded on all 
sides by the black crust, coming from the stony material. It 
will be interesting to know whether this character prevails over 
the main mass from which these fragments were separated. If 
such should be the fact, it would give us a second case in which 
meteoric iron seen to fall, reached the earth in the possession 
exteriorly of a high metallic luster. The other instance is that 
of the Dickson County meteorite, Tennessee, July 30, 1835. 

The chrysolite, in large distinct concretions and highly erys- 
talline individuals, deserves a particular notice. Some of 
these show imperfect crystalline facets, and nearly all the larger 
ones possess eminent cleavages. Ina few instances they are 
nearly transparent and gem-like. Specific gravity (on 0°77 
grams) = 3°50. 

' The next most conspicuous species present is troilite. This 
also is in distinct individuals, sometimes as large as a pea. It 
is highly crystalline, rarely presenting splendent crystalline 
facets, whose color approaches silver-white. The proportion in 
which it exists is apparently large, and may equal two per cent. 

Next in importance comes the feldspathic mineral, presuma- 
bly anorthite. It is highly crystalline, white, lustrous and 
nearly transparent, resembling in these particulars the similar 
mineral found among the ejecta of Vesuvius. 

Among the specimens are two very distinct examples of an 
bee mineral of a yellowish-brown color, which I take to be 
chassignite. Its luster is resinous, structure imperfectly slaty, 
to massive and conchoidal. A small granule of chromite oc- 
curs in one of the fragments of the massive chrysolite. 

Such are the minerals thus far distinguished in the Esther- 
ville meteorite. As a whole, it differs widely from the normal 
meteoric stones. These differences consist, in the first place, in 
the unusual prevalence of a chrysolite similar to that found in 
the meteoric irons; secondly, in the large proportion of mete- 
oric iron present, and in the manner in which it is involved 
with the davniie; thirdly in the fresh and highly crystalline 
condition of all the constituents of the meteorite. Nothing like 
an aggregation of pulverulent, ash-like grains, more or less 
rolled into oolitic shapes, so common in meteoric stones, is 
discernible. The stony portions much more resemble the oli- 
vinic rocks of extinct volcanos, particularly those of the Eifel 
district. 

Judging from the specimens in hand, it cannot properly be 
referred to any group of meteoric stones with which we are 
acquainted. It would rather appear to be a connecting link 
between the Litholites and the Lithosiderites, though it may 
possibly find a place in the Eucritic group of the former, in 
which case it would form an order by itself. 

_ New Haven, June 27, 1879. 
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Art. XXX.—On the Color Correction of Achromatic Telescopes ; 
by Wm. HarKNEss. 


ALTHOUGH much has been written on the theory of the 
achromatic telescope, I am not aware that any attempt has 
hitherto been made to treat the color correction -rigorously as 
a function of the wave length of the light; and, on that 
account, much obscurity, and some positive error, has crept 
into the text books on the subject. 

The theory given in the following pages is based upon funda- 
mental equations which neglect the thickness of the lenses, as 
has always been done heretofore, and which suffice to give the 
refractive indexes to scarcely more than four places of decimals. 
All the subsequent operations upon these equations are rigor- 
ously accurate; and it would have been useless to attempt 
greater precision in the refractive indexes, while the thickness 
of the lenses is neglected. As achromatic telescopic objectives 
are usually composed of two lenses, rarely of three, and hardly 
ever of a greater number; it has been thought sufficient to 
write the equations in the form applicable to triple objectives, 
but no difficulty will be experienced in extending them to a 
greater number of lenses, when necessary. 

Our fundamental equations are 


1 1 1 
{ 00) 
by’? + ey" (2) 


in which 
J =the principal focal distance of any lens. 
f= the refractive index of the lens. 
r =the radius of curvature of the first surface of the lens. 
p= the radius of curvature of the second surface of the lens. 
A = the wave length of the light. 
y= 1 A. 
a, b, c= certain coefficients, determined from not less than three 
properly situated values of yu. 


uation (2) is Cauchy’s dispersion formula. Now put 
y P P 
1 1 
A (3) 
and suppose a series of lenses, such that 
1 1 1 


These lenses being very thin, let them be placed in contact with 
each other; and let the equivalent focal distance of the whole 
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combination be f Then, by a well known optical theorem, 
1 
7 = + + (4,—1)A, (5) 
Substituting the values of 4, 4, 4, from equation (2), 
putting 
C= A, a,—1) + A,(a va 1) + A,(4,—1) 
D=Ab, + (6) 
E=A-e,+A,e, + A,e, 
and arranging the terms according to the powers of 7, we have 
(7) 
This equation expresses the relation between the focal dis- 
tance of the combination, and the wave length of the light. 
It shows that when white light enters an objective there will 
generally be an infinite number of foci, situated one behind 
the other, and all contained between the two values of f which 
correspond to the limiting values of 7. For our purpose, how- 
ever, it will be more convenient to consider / as the ordinate, 
and 7 as the abscissa, of a curve which we will designate as the 
focal curve. ‘To investigate its properties, we differentiate with 
respect to fand 7, and obtain 


- + () 


Putting the left hand member of this expression equal to 
zero, we find 


(9) 
Differentiating (8) a second time 
= 2f*y*(2D + 4Ey*)’ — + 12Ey’*) (10) 
Substituting the value of 7* from (9), this becomes 


(11) 


which shows that, so long as D remains positive, the curve is 
convex toward the objective, and the value of 7 given by equa- 
(9) corresponds to the minimum focal distance. 
An achromatic objective, or more accurately, and with greater 
es: a corrected objective, is one in which all rays of the 
ind for which the correction is made are brought to as nearly 
as possible the same focus. For example; if an objective is 
corrected for visual purposes, then the rays which produce the 
greatest effect upon the human eye must all be brought as 
nearly as possible to the same focus; or, if the objective is 
corrected for photographic purposes, then the rays which act 
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most energetically upon silver bromo-iodide must all be brought 
as nearly as possible to the same focus. This condition will 
evidently be fulfilled when the rays in question have the min- 
imum focal distance; or in other words, when they satisfy 
equation (9). Thus it appears that this equation determines 
the correction of the objective, and for that reason it will be 
called the achromatic equation, and the particular value of y 
which satisfies it will be designated as 7,. 

To find the relative values of A,, A,, A,, in a corrected 
objective, we substitute in (9) the values of D and E from (6). 
The resulting expression for the middle lens is 

— Ai, + 26,70") + + 26,70") 
20,7.) 
which shows that this lens must be of the y eg kind from 
the other two,—that is, if the first and third lenses are convex, 


the middle one must be concave; or vice versa. 
To find the equivalent focal distance of the whole combina- 


tion for the ray 4,, (9) gives 
D=-—2Ey,’ (18) 
Substituting this in (7) 


A= (14) 


Replacing C and E by their values from (6) 
1 


f= A,(a,~¢,y,—1) +A,(a,- —1) +A,(a,- —1) 
Substituting the value of A, from (12), and putting 
A, (16) 
1 16 
L= (a,— 1) (6,+-2¢,y," (a,— 1) (4,+2c,y," +y,(6 ¢,) 
we obtain finally 
2M) (17) 
The ordinate of the focal curve for the ray A,, is the difference 
between the focal lengths of the objective for the rays A, and 
4. To find it we have 
+ Dy,” +Ey,*)—(C +Dy +Ey,‘)=D(y,"-7,’) (Ey,‘-7,‘) (18) 


But (19) 


(20) 


and putting this becomes 

1 1 
5-5} 
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Substituting for the quantity within the brackets, its value 
from (18); and replacing D and E by their equivalents from (6) 


Substituting the values of A, and A,+A, from (12) and (16), 
and putting 
P (22) 
we obtain the important expression 
(28) 
NY o b, + 2¢,y, 


If astar is viewed through a carefully focused achromatic 
‘ telescope, and if the surface in the focus of the eye-piece is 
designated as the focal plane: then, of the infinite number of 
images which equation (7) shows will be formed, some will be 
situated before, and some behind the focal plane, but only one 
will coincide exactly with it. The cones of rays which form 
the images situated before and behind the focal plane will 
necessarily have a sensible diameter at their intersection with 
that plane, and their combined effect will be to produce a 
fringe of colored light around the image of the star, as seen 
through the eye-piece. This fringe is the secondary spectrum, 
and its magnitude, for light of any given wave length, will 
evidently depend upon the value of 4f. Hence, to destroy 
the secondary spectrum, Jf must be made equal to zero. 
Equation (23) shows that this will be the case for a triple 
objective when 
N+2P=0 (24) 
or for a double objective when : 
N=0 (25) 
As yet no materials have been discovered whose physical 
properties are such as to satisfy these conditions. We there- 
fore proceed to investigate what form an objective constructed 
of any given materials must have in order to render the sec- 
ondary spectrum a minimum. 
Substituting in (23) the value of A, from (17), we find 
=e 2 2\2 (N + nP ) 
(L + nM) (26) 


In the right hand member of this equation, n is the only 
quantity which depends upon the form of the objective. Con- 
sidering it as vetabie, and differentiating, we obtain 


(27 


dn 


To make 4f, a minimum, such a yalue must be attributed to 
nas will reduce the right hand member of (27) to zero. This 
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condition gives at once, n=0o; which will be the case when r 
and p are both infinite; as is evident from equations (16) and 
(8). The objective is then reduced to two lenses, and a piece 
of very thin plano-parallel glass. As the latter cannot appre- 
ciably affect the color correction, it may be dismissed from 
further consideration; and thus it appears that from any three 

ieces of glass suitable for making an objective, but not ful- 
filling the conditions necessary for the complete destruction of 
the secondary spectrum, it will always be — to select two 
pieces from which a double objective can be made that will be 
superior to any triple objective made from all three of the 

ieces. 
, The focal curve being tangent to the focal plane at the point 
corresponding to the wave length 4,; if we assume the spherical 
aberration to be perfectly corrected for light of all degrees of 
refrangibility ; then the image of a star formed upon the focal 
plane by light of wave length A, will be a point, and the linear 
semi-diameter of the image of the same star formed by light of 
wave length A, will be the semi-diameter of the cone of rays of 
that wave length at the point where it cuts the focal plane. 


Therefore we have 
4f, (28) 


in which a@ is the semi-aperture of the objective, and s," is the 
required semi-diameter of the cone of rays of wave length 4,. 
Combining (28) with (26), we find 


= aM (29) 


This is the expression for a triple objective. In the case of 
a double one, n becomes zero, and (29) reduces to 


af (30) 


which shows that in a double objective properly corrected for 
any given purpose, the linear semi-diameter of the secondary 
> papain is absolutely independent, both of the focal length of 
the combination, and of the curves of its lenses; and depends 
solely upon the aperture of the combination, and the physical 
of the materials composing it. 

a telescope armed with an achromatic eye-piece is carefully 
‘focused upon a star, and then the image of the star is viewed 
through a prism held before the eye-piece; it will be seen that 
the eye does not adjust the focal plane tangent to the focal 
curve, but i? it somewhat further from the objective, in 
such wise that the plane cuts the curve in two points, which 
we will designate as 7, and 7, For these points we must have 

1 i. 1 31 
O + Dy,? + OF Dy + Ey 
Am. Joor. Vou. XVIII, No. 105.—Sept., 1879. 


194 W. Harkness—Color Correction of Achromatic Telescopes. 


which gives 


(82) 


But by (9) we have 


D 
Vo (33) 
Combining this with (32), we find 
Yo =4(Yn' + (34) 
which gives the relation between y, and any pair of points at 
which the focal plane may cut the focal curve. 

We have next to consider how the value of y,, can be found ; 
and for that purpose a method partly arithmetical, and partly 
graphical, seems most convenient. The data required are, the 
values of 4f for a number of different values of y, and the 
relative intensity of the light at each of these values of 7. 
The values of 4f must be computed by means of equation 
(26); and the relative intensity of the light may either be 
determined experimentally, or taken from published tables. 
For visual intensity, the table given by Fraunhofer may be 
employed; and for photographic intensity, the curves pub- 
lished by Captain Abney contain all that is required. For the 
sake of definiteness, let us suppose that the value of 7, is to 
be determined for an objective corrected for visual purposes. 
We begin by laying down an axis of abscissas, and graduating 
it into a scale of wave lengths. Here, however, it must be 
observed that the brightness of any part of a spectrum depends 
not only upon the inherent brightness of the light at that 

oint, but also upon the degree of dispersion employed. As 
canter tin determinations of the relative brightness of dif- 
ferent parts of the spectrum were made with a flint glass prism 
having a refractive index of 1°63 for the ray D; and as such 
an instrument produces much greater dispersion at the violet 
end of the spectrum than at the red end; it follows that our 
scale of wave lengths must be, not a scale of equal parts, but 
such a scale as existed in the spectrum employed by Fraunhofer. 
The wave length of the brightest ray is approximately 5688, 
and through that point in the scale, and at right angles to the 
axis of abscissas, the axis of ordinates must be drawn. Then, 
from the computed values of 4f a sufficient number of points 
must be laid down to determine the focal curve, and that curve 
must be drawn. At the points whose wave lengths correspond 
to the principal Fraunhofer lines, lines must be drawn through 
the focal curve, parallel to the axis of ordinates; the length of 
each line being proportional to the relative brightness of the 
spectrum at the point where it is situated, and the center of 
each line coinciding accurately with the focal curve. Through 
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the extremities of these lines a closed curve must be drawn. 
The figure thus obtained will be termed the illumination dia- 
gram, because it exhibits the amount and distribution of the 
light at the focus of the objective. The eye will necessarily 
place the focal plane in the position where this light will pro- 
duce the greatest effect upon the retina; which is equivalent 
to saying that the focal plane must pass through the center of 
gravity of the diagram. Hence, to find the position of the 
focal plane, we have only to cut out the diagram (which should 
be drawn upon rather stiff paper), and balance it upon a knife 
edge held parallel to the axis of abscissas. The reciprocals of 
the wave lengths of the points of intersection of the knife edge 
with the focal curve will then be the values of 7,, and 7,. 

The method just explained may be employed to determine 
the difference between the positions of the principal focus of 
the same telescope when used for different purposes. For 
example, if it were required to find the interval between the 
vied and photographic foci of a telescope, two illumination 
diagrams would be drawn—one for the visual, and the other 
for the photographic rays—and the difference between the 
positions of the focal plane in the two diagrams would be the 
required difference of foci. 

As the magnitude of the secondary spectrum of a star is 
measured by the semi-diameter (at the point where it intersects 
the focal plane) of the cone of rays having the maximum focal 
distance ; it follows that in an objective corrected for visual 
purposes, the secondary spectrum is diminished by the fact 
that the eye places the focal plane somewhat further from the 
objective than the apex of the focal curve. To find the 
amount of this diminution, we remark that for light of wave 
lengths corresponding to the points where the focal plane cuts 
the focal curve, the semi-diameter of the cone of rays is zero; 
while for light of any other wave length, the semi-diameter of 
the cone of rays, at the point where it intersects the focal plane, 
is proportional to the distance between that plane and the point 
of the focal curve corresponding to the wave length of the fight. 
Hence, the effect of moving the focal plane into a position 
further from the objective than the apex of the focal curve, 
will be to diminish s," by a constant which is numerically 
equal to the value of s," for light whose wave length is that of 
the point at which the focal plane intersects the focal curve. 
i itd equation (80) in accordance with these principles, it 

ecomes 


salt = at (yd — = (Yo (35) 


in which 7, is the reciprocal of the wave length corresponding 
to either of the two points in which the focal plane cuts the 
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focal curve; and s,," is the semi-diameter, at the point where it 
cuts the focal plane, of the cone of rays whose wave length is A. 

The exact nature of the color correction of a telescope can be 

determined by placing the focal plane in a number of different 
ositions, and observing the corresponding values of 7, and 7,. 

hese values being substituted in equation (84), several ad i 
‘pendent values of y, can be deduced, the mean of which will 
probably be very near the truth. 

The conclusions reached in the preceding pages may be 
summed up as follows: 

Ist. From any three pieces of glass suitable for making a 
corrected objective, but not fulfilling the conditions necessary 
for the complete destruction of the secondary spectrum, it will 
always be possible to select two pieces from which a double 
objective can be made that will be superior to any triple 
objective made from all three of the pieces. 

2d. The color correction of an objective is completely defined 
by stating the wave length of the light for which it gives the 
minimum focal distance. 

8d. An objective is properly corrected for any given purpose 
when its minimum focal distance corresponds to rays of the 
wave length which is most efficient for that purpose. For 
example, in an objective corrected for visual sg sang the rays 
which seem brightest to the human eye should have the mini- 
mum focal distance; while in an objective intended for photo- 

raphic purposes the rays which act most intensely upon silver 
Costee-iedide should have the minimum focal distance. 

4th. In double achromatic objectives the secondary spectrum 
(or in other words, the diameter, at its intersection with the 
focal plane, of the cone of rays having the maximum focal 
distance), is absolutely independent both of the focal length of 
the combination, and of the curves of its lenses; and depends 
solely upon the aperture of the combination, and the physical 
properties of the materials composing it. 

5th. When the focal curve of an objective is known; and 
the relative intensity, for the purpose for which the objective 
is corrected, of light of every wave length is also known; then 
the exact position which the focal plane should occupy can 
readily be calculated. 

6th. It may be remarked incidentally that in an objective 
corrected for photographic purposes, the interval between the 
maximum a minimum focal distances is less than in one 


corrected for visual purposes. Hence, a photographic objective 
has less secondary spectrum, and is better adapted to spectro- 
scopic work, than a visual objective. 

Washington, May 24, 1879. 
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Art. XXXI.—Terminal Moraines of the North American Ice- 
Sheet ; by WARREN UPHAM. 


[Continued from page 92.] 


BreyonpD Block Island the extreme terminal moraine does 
not rise above sea-level for 85 miles, at which distance in a direc- 
tion a little to the north of east it reiippears in No Man’s Land 
and Gay Head. Heights of it here and in its farther extent are 
as follows: No Man’s Land, about 150; Gay Head, 100 to 145; 
about one mile east, near the church, 185; Prospect Hill, the 
highest on Martha’s Vineyard, 295; Peaked Hill, a mile south 
from the last, 290; other hills, reaching from these five miles to 
the northeast, 200 to 250; Indian Hill, 245; Sampson’s Hill, 
on Chappaquiddick Island, about 100; highest part of Tucker- 
nuck, about 50; Macy’s or Pole Hill, the highest of Saul’s 
Hills, 91; Folger’s Hill, a mile east from the last, 88; and San- 
katy Head, the highest point of Nantucket Island, 105. The 
cliffs of Gay Head, at the west end of Martha’s Vineyard, expose 
a section four-fifths of a mile long, composed at the top of the 
unstratified terminal moraine, five to forty feet thick, filled with 
abundant bowlders of all sizes up to twenty feet in diameter. 
This rests on fossiliferous beds,* probably of Miocene Age, 
which dip from 20° to 50° northerly throughout the section, 
and present a most striking succession of brightly-colored clays, 
sands and gravel, varying from black to red, brown, gray and 
white. Gay Head township, reaching three miles to the east, 
has a very uneven surface of glacial drift in small elevations 
and depressions, strown with frequent bowlders, but apparently 
underlain by Tertiary clay and sand at no great depth. 

In the next eight miles this moraine ome high parallel 
ranges of hills, very irregular in contour, which extend north- 
eastward through Chilmark and the northwest part of Tisbury, 
occupying a width of one to three miles. Their surface is gen- 
erally till, with very abundant bowlders; but ey as 
at the top of Prospect Hill, it is modified, consisting mainly of 
water-worn gravel and sand. The black, red and white Ter- 
tiary clays underlie these deposits in the hills, and are exposed 
in the cliffs along the northwest shore to the east side of Lum- 
bard’s Cove, eleven miles from Gay Head. Upon the south 
side of Prospect and Peaked Hills they extend to heights 225 
and 250 feet above the sea. 

The southeast half of Martha’s Vineyard consists of modified 
drift without bowlders, lying in extensive level plains, twenty- 
five to fifty or sixty feet above sea. Along the south shore 

* Described in Hitchcock’s Geology of Massachusetts, 1833 and 1841; in Lyell’s 


Travels in North America in 1841-2, vol. i, pp. 203-206; and in this Journal, I, 
vol. xlvi, pp. 318-320. 
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these plains are indented by numerous ponds, which are only 
separated from the ocean by a beach, and the shores of the 
onds are again indented by long and narrow arms or coves, 
rom the head of which dry channels, similar to those described 
on Long Island, extend across the plains in a northerly course. 
The road from West Tisbury to Edgartown crosses several of 
these depressions, one of which, known as Quampachy Hollow, 
may be taken as an example. This starts from the head of 
Oyster Pond, a narrow arm of the sea, which stretches two 
miles north from the beach by which it is now shutin. The 
dry hollow, diminishing from twenty-five to ten feet in depth, 
and from 800 to 100 feet in width, prolongs this valley at least 
three miles to the north. Near Vineyard Haven and Oak 
Bluffs, north of these plains, and on Chappaquiddick Island, 
the modified drift, sometimes sprinkled with Lavinen, is heaped 
in gently sloping hills, 50 to 100 feet high, which appear to 
have been formed at the margin of the ice-sheet. 

Thence the line of terminal moraine is continued in Muske- 
get and Gravelly Islands, which however are only low banks 
of gravel and sand. On 'l'uckernuck Island it appears again in 
small hills, which in part are unstratified, with plenty of bowl- 
ders, the remainder being modified drift. Nantucket is com- 
posed almost wholly of stratified gravel and sand. The line at 
which the ice-sheet appears to have terminated is marked in 
the west part of this island by gently undulating hills, forty to 
fifty feet high, composed of stratified drift, which, however, 
differs from that of the plains on the south in having here and 
there bowlders up to ten feet in diameter embedded in it or 
lying on the surface. The course of this line is from Hel Point, 
north of Maddequet Harbor, by Trot’s Hills to the town. 
Eastward it continues on the same course in the Shawkemo and 
Saul’s Hills to Sankaty Head. The portion of this series called 
Saul's Hills, two miles long and a half mile wide, is of very 
irregular contour, with steep and abruptly changing slopes, 
forming hills, ridges, mounds and small enclosed basins, some 
of which contain ponds. The material is stratified gravel and 
sand, upon and in which are scattered bowlders, varying up to 
ten feet in diameter. 

Sankaty Head, at the east shore of the island, affords a sec- 
tion across this range.* A quarter of a mile south from the 
light-house, the order of deposits, beginning at the base is as 
follows: brown sandy clay to about twenty feet above sea; 
ferruginous sand and gravel, four feet; white sand, four feet ; 
yellow sand enclosing masses of blue clay, one foot; ferrugin- 
ous gravel and sand, with abundant shells, two feet; a bed of 

*The Post-pliocene beds at the base of this section, and their fossils, are 


described by Professor A. E. Verrill and Mr. S. H. Scudder, in this Journal, III, 
vol. x, pp. 364-375. 
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serpula, mixed with sand, about two feet; gravel and sand 
again, thickly filled with shells, two feet; fine white sand, about 
ten feet; the common yellow sand and fine gravel of the modi- 
fied drift, about forty-five feet, its top being at ninety feet; 
coarse gravel, three feet; ferruginous sand, one foot ; changing 
above into a former surface soil, one foot thick; overlain by 
three feet of dune sand, which forms the present surface, 
ninety-eight feet above sea. The highest part of the bank is 
midway between this and the light-house. From a compari- 
son of the species contained in these two shell-beds, Professor 
Verrill estimates that the temperature of the sea at this place 
was lowered 15° between the times in which they lived. The 
layer of coarse gravel which occurs here at the height of ninety 
feet, is continuous for a half-mile from this point both to the 
north and south, varying from three to eight feet in thickness. 
About half of its rock-fragments are rounded, these being of 
all sizes up to one foot through; the rest, which are rough and 
angular, range up to two feet, and rarely to four feet, in diame- 
ter. This bed has its greatest thickness and is coarsest at the 
highest portion of the bluff, where it closely resembles till. 
The old surface of black soil and the present surface of dune 
sand are also continuous along the same distance. An eighth 
of a mile south from the shell-beds, the bluff falls to a hollow 
about sixty feet above the sea, and in this depression the black- 
ened layer becomes a bed of peat, two feet thick, containing 
numerous stumps and roots of trees and covered by two feet of 
sand. The rocky stratum, the old surface soil, and the over- 
lying sand thus cap the bluff for more than a mile, in which its 
height falls from 105 feet at the middle to about 35 feet at each 
end. Below the rocky layer it consists of fine modified drift 
and pre-glacial beds. This succession tells of a period when 
the sea had about its present temperature; next it becomes 
much colder; sand and fine gravel are accumulated to a depth 
of more than fifty feet, probably brought by rivers from the 
summer-meltings of the ice-sheet; this finally reached its out- 
most limit, overspreading the north half of the island; at its 
retreat the coarser materials which it held were dropped ; for- 
ests sprang up, as the climate became mild again; and, lastly, 
the sea has eaten away the east portion of these deposits, while 
the sand of its shore has been swept by the wind over their 


top. 

The whole south side of Nantucket Island consists of nearly 
level plains of gravel and sand, twenty to sixty feet above the 
sea. This expanse, reaching more than ten miles from west to 
east, with a width varying from one to three miles, is broken 
by frequent hollows which extend approximately from north to 
south, like those already noticed on the similar plains of Long 
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Island and Martha's Vineyard. Narrow ‘ge to the number 
of a dozen or more, having the same height with the ocean, fill 
the entire course of these depressions, or occupy their lower 
end next to the south shore. 

The Second Terminal Moraine.—A later series of morainic 
hills extends along the north shore of Long Island for forty- 
five miles eastward from Port Jefferson to its extremity at 
Orient Point. Their heights are approximately as follows: 
Strong’s Neck, close east of Port Jefferson, 100 to 200 feet; 
Mount Sinai, at school-house, and Miller’s Place, each about 
150; Noah Jones’ Hill, 14 miles east from Miller’s Place, 200; 
Pine Hill, one mile farther east, 175; Blue Point Hills, one 
mile southeast from last, 150; hills near Wading River vil- 
lage, 150 to 200, the highest of which, at Mr. D. M. Tuthill’s, a 
mile east from the village, commands a very fine view; hills, 
partly of dune sand, north of Baiting Hollow, known by the 
names of “Horse in the Bank,” Horton’s Bluff, and Friar’s 
Head, about 150; at Northville, 125; Jacob’s, Cooper’s and 
Mattituck Hills, 125 to 150; Manor Hills, extending east from 
Mattituck Inlet, 100 to 150; Horton’s Point, 70; highest 
points for the next seven miles, extending by Greenport, about 
50; Brown’s Hills, north of Orient, 110 and 160. East from 
the light-house on Horton’s Point, these deposits, though not 
rising in prominent hills except at Orient, are in many places 


unstratified, with an abundance of large — bowlders, 


which are of all sizes up to twenty-five feet in diameter. This 
terminal moraine overlies stratified gravel, sand and clay, 
which contain no bowlders; as is well shown in the bluffs, 50 
to 100 feet high at the north side of Brown’s Hills, where the 
very coarse morainic till is five to twenty feet thick, and forms 
the entire surface of these hills. The last two miles of this 
shore from near Brown’s Point east to Orient Point, are all 
stratified gravel and sand twenty to forty feet high, strown in 
only a few places with bowlders; being a part of the plains 
which skirt the south side of the moraine. Its hills probably 
once existed here at a little farther north, but they have been 
washed away by thesea. The same action is apparent through- 
out the whole extent of this series on Long lend, so that 
many of these hills have lost more or less from their north side, 
and stand as half-eroded barriers which are still falling slowly 
before the encroachment of the waves. The greater portion of 
this series, extending more than thirty miles from Port Jeffer- 
son to Horton’s Point, is composed, like the extreme moraine 
on the south, of obliquely stratified sand and coarse gravel, 
with occasional bowlders, which are sometimes of enormous 
size. One of these, about thirty feet long, lies at the north 
side of the road, 14 miles west from Wading River. Two 
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others of equal size are seen close to the road in Setauket vil- 
lage. ‘The largest block yet found on Long Island lies much 
farther west, at about a mile southeast from Manhassett, and is, 
according to measurement by Mr. Lewis, fifty-four feet long, 
forty feet wide, and sixteen feet high. 

This later moraine is separated six to ten miles, on Long Isl. 
and, from that formed at the extreme line reached by the ice- 
sheet, and the area between them is occupied by extensive 
plains, the Peconic Bays, and Shelter Island. This series of 
plains resembles that of southern Long Island, in that both 
slope southward from terminal moraines on their north side, 
ma are alike crossed by ancient water-courses which are now 
dry. The plains associated with the second terminal moraine 
begin at Syosset, about twenty-five miles west from Port Jef- 
ferson, and it is not improbable that the second moraine may 
be represented in the irregularly scattered hills, composed of 
moditied drift with bowlders here and there, which lie at their 
north side along this distance. For the first ten miles the 

lains vary from one to two or three miles in width, having a 
height from 100 to about 150 feet above sea. Their greatest 
altitude appears to be at East Northport station. Here they 
pass beyond the north spur of the Dix Hills and expand to the 
south, attaining a width of five miles, which continues without 
much variation to Riverhead. In Smithtown considerable por- 
tions of these -— have been removed by the erosion of 
streams since the Glacial period. Their height along their 
north side here and in Brookhaven is 150 to 100 feet above 
sea, from which the general slope southward is about ten feet 
to the mile. Near the east line of Brookhaven is a notable 
series of ponds, reaching four miles, and lying in depressions of 
one of the old lines of drainage. These are called the West 
Row Ponds, and are known in their order from north to south 
as Long Pond, Big and Little Tar-kiln, Pease’s, Duck, Sandy, 
Grass, and Jones’ Ponds, extending to the Peconic River at a 
mile west from Manorville. Two miles eastward in Riverhead 
are the East Row Ponds, a similar series, including in the same 
order the two Jackson Ponds, Ice, Worthington and Fox Ponds. 
Northeast from Fox Pond isa tributary series, including Sand, 
Mud and Cranberry Ponds. Several other valleys, not con- 
taining ponds and of similar character with those of the south- 
ern plains, extend southward from the vicinity of Baiting Hol- 
low and Northville. On the north branch of the island these 
plains diminish from four miles to about one mile in width, 
their height being sixty to thirty feet at the north, from which 
they slope to the shores of Peconic and Gardiner’s Bays. The 
hilly character of Shelter Island, which varies from 50 to about 
180 feet in height, being composed of stratified sand and gravel 
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with occasional bowlders, indicates that it was of similar origin 
with the hills of modified drift in the two moraines between 
which it lies. During the retreat of the ice-sheet it would 
appear that exceptionally large deposits were accumulated by 
its rivers here and at Gardiner’s Island. 

The continuation of the second moraine beyond Orient Point 
is to the east-northeast in Plum and Fisher’s Islands, and from 
Watch Hill through the south part of Westerly, Charlestown 
and South Kingstown in Rhode Island, to near Point Judith. 
On Plum Island it forms hills about 100 feet high, abundant! 
covered with bowlders; but a considerable tract on the sout 
side of this island is a low plain of modified drift, free from 
bowlders and sloping southward. Gull Island is a remnant of 
this plain which was formed in front of the terminal moraine. 
Fisher's Island, about seven miles long, is a conspicuous rem- 
nant of the moraine, being composed of the same coarse glacial 
drift with Brown’s Hills and Plum Island. Its elevations vary 
from 100 to nearly 200 feet in height, the most prominent being 
Mount Prospect, North Hill, and Chocomount. Portions of 
the low plains are preserved on its south side for a mile from 
its west end, and again fora third of a mile between two ponds 
near the middle of the island. 

In the State of Rhode Island this moraine is well developed 
for seventeen miles, and its whole course may be finely seen 
from the carriage road in going from Watch Hill through 
Charlestown and Perryville to Wakefield. After the first 
three miles, which are mostly on the north side of the range, 
this road lies for fifteen miles at the south foot of these hills, 
which are so irregular and broken in contour and so rough 
with their profusion of bowlders that they cannot fail to 
impress the observer with the remarkable features of an entirely 
unmodified terminal moraine. The width of this series of 
deposits is from one to two miles, and some of its highest points, 
not noticeable from this road, consist of stratified gravel and 
sand without bowlders. Such are Chin and Cranberry Hills in 
Westerly, and the tops of Indian Burying and Sand Hills in 
Charlestown. These rise 100 to 150 feet above sea, and prob- 
ably no points of the range reach to 200 feet. Fort and Vil- 
lage Hills in Westerly, the “Old Mountain” and Bunker Hill 
in Charlestown, and Broad Hills in South Kingstown, are 
unmodified portions of this series. The margin of land on its 
south side, averaging perhaps a mile in width, consists mainly 
of gently undulating moditied drift, with occasional bowlders, 
its only expanse in plains being for about three miles in the 
southeast part of Charlestown. Within one to two miles north- 
east and east from Perryville, several ponds occur among the 
hills, ridges and knolls of the moraine. At this part of its 
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course it appears to turn to the southeast, peneng into the sea 
two miles west of Point Judith. This angle corresponds to a 
similar one which was probably formed in the extreme moraine 
at Block Island, whence it also seems to have extended first to 
the southeast, in which direction very rocky fishing-ground is 
found at a distance of ten miles from that island. 

The next appearance of the northern moraine jis in the Eliza- 
beth Islands, where the position of Cuttyhunk, Penikese and 
Nashawena Islands corresponds to that of No Man’s Land, Gay 
Head and the hills of Chilmark in the southern moraine, indi- 
cating that angles occur again in them both, respectively at 
Penikese and at Gay Head. Heights of the later moraine on 
the Elizabeth Islands and Cape Cod, are as follows: highest 
portion of Penikese, about 100 feet; of Cuttyhunk, Nasha- 
wena, Pasque and Naushon Islands, about 175; the Quisset 
Hills, west of Falmouth village, about 150; station of the Uni- 
ted States Coast Survey, a mile east of West Falmouth, 198; 
the Ridge Hills, extending thence to the angle of this series 
near North Sandwich, 150 to 200 feet; southwest from Sand- 
wich village, about 225; Bourne’s Hill, a Coast Survey station, 
two miles south-southeast from Sandwich, the highest point of 
the whole series, 297; the Discovery Hills, including the last 
and extending eastward, 250 to 150; Shoot Flying Hill in 
Barnstable, about 200; German’s Hill in Yarmouth, 138; 
Scargo Hill in Dennis, 166; railroad summit at Brewster sta- 
tion, 125; and Mill Hill in Orleans, about 150. 

This moraine forms the entire chain of the Elizabeth Islands, 
fifteen miles long, with an average width of one mile. Their 
contour throughout is very irregular in roughly-outlined hills 
and ridges of variable height, enclosing many crooked and 
bowl-shaped hollows, which often hold small ponds. Their 
material is glacial drift with abundant bowlders of all sizes up 
to twenty or thirty feet in diameter. The surface exhibits all 
the characteristic features of the upper till, being loose, yellow- 
ish in the color of its detritus, and with its bowlders almost 
invariably angular. This deposit also appears to form the 
greater part of the cliffs upon the shores of these islands. At 
the northeast end of Naushon, however, in deepening an old 
well from forty-five to sixty-seven feet, only the dark and com- 
pact lower till, or ground-moraine, was found. 

The trend of this chain of islands is about east-northeast, but 
on the peninsula of Cape Cod the same belt of hills, continuing 
with its width, contour and material unchanged, bends within 
a few miles to a course nearly due north. A railroad cutting 
thirty feet deep in these deposits near Wood’s Hole, and shal- 
lower sections on the Quisset Hills, show two or three feet of 
yellowish till at top succeeded below by light gray till, equally 
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coarse but apparently more compact, with some of its frag- 
ments planed and striated. The latter was probably accumu- 
lated beneath the ice-margin, while the former was dropped by 
its melting. After holding its way northward ten or twelve 
miles, reaching to a point about a mile south of North Sand- 
wich, the range turns at a right angle to a course a few degrees 
south of east. Some portions of it in this vicinity are strown 
with bowlders, but mainly, as shown on the roads which cross 
these hills southwest and south from Sandwich village, at the 
highest portion of the entire series, they consist of stratified 

rave) and sand, with bowlders rare or entirely wanting. There 
is also a change to a more simple contour, with fewer irregular 
hills and hollows. From its angle the range extends about 
thirty-five miles to the east shore of the cape. Through Sand- 
wich and Barnstable it lies about a mile south of the railroad, 
consisting in the latter town of hills 100 to 200 feet high, appa- 
rently formed of modified drift, with frequent bowlders ee 3.8 
ded in it and scattered upon its surface. In Yarmouth the 
series is somewhat broken, and the railroad crosses it upon a 
sand plain a little west of German’s Hill. South of Dennis Pond 
and for one and a half miles northeast from German’s Hill to 
Follin’s Pond, it is very well shown in exceedingly rocky, low 
hills. Next it appears to suffer an offset of about two miles to 
the north, being represented by Scargo Hill, which is modified 
drift with only few bowlders. Thence it runs a little north of 
east six miles to Brewster station, where it is again crossed by 
the railroad. Through most of this distance it is very rocky, 
some of its blocks being twenty to thirty feet or more in diam- 
eter. Its further course is mostly modified drift with occa- 
sional bowlders, passing east-northeast to Mill Hill, Orleans 
village, and the southeast side of Town Cove, beyond which it 
is concealed beneath the ocean. 

The angle of this range at North Sandwich shows that the 
portion of the ice-sheet on the west and that on the east pushed 
against each other here, the motion and slope of each being 
directed toward its line of frontal moraine. The medial moraine 
produced where their slopes came together north from the angle 
of their terminal line, is presented in Rocky, Manomet and 
Pine Hills, which form a gigantic ridge in the east part of Ply- 
mouth, four miles long from north to south, with a continuous 
height 300 to 400 feet above the sea. Abundant angular 
bowlders of all sizes up to twenty feet in diameter strow its 
surface. At the north end of this ridge the sea has under- 
mined its base, forming a steep slope sixty feet in height. A 
section here showed twenty feet of upper till, yellowish, with 
abundant large and small bowlders, nearly all of them angular, 
underlain by lower till, dark bluish gray, with small glaciated 
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stones, exposed for twenty feet vertically but concealed below. 
The bed of bowlders which forms the shore at this point came 
mostly from the upper stratum, and their sharp corners and 
edges have since been worn away by the waves. 

On Cape Cod, as on Long Island, Martha’s Vineyard and 
Nantucket, we find south of the line of morainic hills an area 
of stratified gravel and sand without bowlders, forming exten- 
sive plains which slope very gently southward. These are 
fully ten miles wide from north to south in Sandwich, Fal- 
mouth and Mashpee, and thence to the east they have an aver- 
age width of five miles. From the southwest limit of this 
area at Falmouth village, the traveler who follows the road 
along the south side of the cape for thirty miles sees only level 

lains, twenty-five to forty feet above the sea, with occasional 
lallews and valleys, most of which are occupied by ponds and 
brooks. The north edge of this area, next to the terminal 
moraine, consists of more elevated plateaus, 50 or 75 to 200 
feet in height. From this line there is a continuous slope 
southward, scarcely perceptible, but declining in the five to ten 
miles of its extent to within twenty-five to forty feet above sea. 
This north portion of the plains is marked by frequent hollows 
of large extent, which contain ponds 50 to 100 feet below the 
general surface. A fine idea of the slope of this deposit of 
modified drift is obtained in a journey from Sandwich to Green- 
ville, Ashunet Pond and Falmouth. The ascent of 200 feet or 
more from sea-level to the highest point of the road is accom- 

lished in two miles, bringing us to a point where Bourne’s 
Frill, the highest on Cape Cod, is within a half mile to the east; 
while close at the west is the Great Hollow, about 100 feet 
deep and perhaps a half-mile wide, enclosed on all sides by the 
hills and high plains. Without descending more than twenty 
feet below its highest point, the road next enters on a plain of 
gravel and sand, and thence extends seven miles before cross- 
ing the first hollow which is at Ashunet Pond. Beyond this 
point it crosses numerous depressions that are or have been 
water-courses; but there is no break in the continuity of the 
nee which in about twelve miles descend by a gradual slope 
rom the height of 200 feet to sea-level. 

These plains of Cape Cod are also like those previous] 
described in being indented by narrow arms of the sea whic 
reach one to two miles inland, filling the lower end of Jong 
depressions that continue across the plains to the north, being 
either dry or occupied by small streams. These channels are 
best shown on Cape Cod in Falmouth and eastward to Cotuit 


harbor, being in the region directly south from the angle of 
the terminal moraine and from its highest hills, which in this 
portion of its course are composed mainly of modified drift ; 
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in other words, they occur most abundantly where the drainage 
from the melting ice-sheet must have been greatest, including 
all the floods poured down from the ice-fields along the line 
between Falmouth village and North Sandwich, those that con- 
verged toward the angle of the ice-margin, and those which 
brought down its vast frontal hills of gravel and sand along 
several miles eastward. 

Extensive portions of the terminal moraines were deposited, 
as we have seen, by rivers which flowed from the surface of 
the melting ice when a warmer climate returned. On the south 
side of these the plains have their greatest width and height, 
while on the north we also find extended areas of modified 
drift, which show that the glacial floods continued to be poured 
down to the same portions of the ice-margin during its retreat. 
Thus on Long Island the area north of the extensive moraine 
from the Narrows to Roslyn consists almost wholly of undulat- 
ing unmodified drift with abundant bowlders, while farther 
eastward it is stratified gravel and sand with few bowlders. 
Wherever angles occurred in the terminal front of the ice its 
surface had converging slopes, which would be likely to pro- 
duce extraordinary fluvial deposits. This may explain the 
origin of the thick beds of stratified drift which form nearly 
the whole of Block Island, and of the plains in South Kings- 
town, R. I., which extend six miles north from the angle of the 
second moraine, reaching from Tucker’s and Worden’s Ponds 
to the north line of the township. The plains south of the 
moraines at their angles near Vineyard Haven and North Sand- 
wich are notably due to the debouchure of glacial rivers at 
these points; and when the ice-sheet retreated from its second 
moraine, the floods which it discharged formed a most irregu- 
lar belt of gravel and sand in ridges, hills, plateaus and hol- 
lows of every shape, but generally with a north-to-south trend, 
through a donee of nearly twenty miles to the north and 
north-northwest, reaching from its angle at North Sandwich 
through Plymouth to Kingston. West and north from these 
kames, the greater part of Plymouth County consists of nearly 
level or moderately undulating deposits of modified drift, 50 to 
150 feet above sea, which reach continuously from the angle of 
the terminal moraine on Cape Cod more than thirty-five miles 
to Hingham, on the south shore of Massachusetts Bay. Another 
and perhaps more remarkable series of fluvial deposits was _ 
sled : from the melting ice-sheet to form Nantucket, the hills 
which rise 75 to 125 feet above sea in Chatham, the southeast 
township of Cape Cod, and the north portion of this peninsula 
beyond Orleans, which consists entirely of modified drift from 
50 to 175 feet above sea. 

The first recognition of the terminal moraines of southeastern 
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Massachusetts was by Mr. Clarence King,* who examined 
Naushon Island and pronounced it, with the similar formation 
continuing on Cape Cod, to be a series of deposits accumulated 
at the margin of the continental ice-sheet. The same conclu- 
sion has been announced by the geologists of Wisconsin and 
New Jersey respecting the series which cross those States. At 
these lines the border of the ice appears to have remained 
nearly stationary through a long period, in which the materials 
that it contained were being a brought forward and 
deposited.t In many places these would be pushed into very 
irregular heaps and ridges by slight retreats and advances of 
the ice-margin. At the same time we should also expect that 
thick beds of ground-moraine would be gathered beneath the 
ice near its termination. The withdrawal of the glacial sheet 
would then leave these deposits as upper and lower till, one 
overlying the other in along but broken and undulating range. 
In many parts of these series, however, the materials brought 
by the ice have been covered by modified drift brought by 

lacial rivers; so that the three divisions of the drift join to 
a the terminal moraines. No similar series of drift deposits 
seems to have been discovered north of the second here 
described, and we may conclude that in general the retreat of 
the ice-sheet did not admit sufficient pauses for their formation. 


* Proceedings of the Boston Society of Natural History, vol. xix, p. 62. 

+ In Long Island and throughout New England, the materials that make up the 
drift are uniformly derived from the north, the greater part of them being from 
the nearest formations in that direction, while nearly all the rock-fragments are 
represented by ledges within fifty miles. The most remote origin required by any 
bowlders or pebbles found in the drift of New Hampshire during the recent geo- 
logical survey of that State is about eighty-five miles. Respecting the drigin of 
bowlders at the north end of Manomet Hill in Plymouth, Dr. Edward Hitchcock, 
the State Geologist, reporied that this locality shows nearly every variety of gran- 
ite. syenite and porphyry, found along the coast northward as far as the extrem- 
ity of Cape Ann. Dr. C. T. Jackson, in his report on the geology of Rhode Isl- 
and, says that the greater part of the bowlders found on Block Island are porphy- 
ritic granite such as occurs in piace at Point Judith and Kingston, twelve and 
twenty miles distant at the north. Sir Charles Lyell, in his “Travels in North 
America,” quoting in substance from one of Professor Mather’s annual reports, 
says of Long Island: “ At its eastern extremity the bowlders are of such kinds 
of granite, gneiss, mica slate, greenstone and syenite, as may have come across the 
Sound from parts of Rhode Island, immediately to the north. Farther westward, 
opposite the mouth of the Connecticut River, they are of such varieties of gneiss 
and hornblende slate as correspond with the rocks of the region through which 
that river passes. Still farther west. or opposite New Haven, they consist of red 
sandstone and conglomerate, and the trap of that country; and lastly, at the west- 
ern end, adjoining the city of New York, we find serpentine, red sandstone, and 
various granitic and crystalline rocks, which have come frem the district lying 
immediately to the north.” 

Excepting the pre-glacial deposits which have been mentioned, and a small area 
of gneiss and hornblende schist at Long Island City and Astoria, the whole of 
Long Island, Block Island, Martha’s Vineyard, Nantucket, the Elizabeth Islands, 
and the peninsula of Cape Cod, consist of drift deposits which owe their accumu- 
lation, as has been here shown, to the action of the ice-sheet and its rivers in 
amassing them at its termination. 
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It remains for us to notice briefly the probable extent and 
equivalency of these terminal accumulations of the ice-sheet, 
both to the east and west. Agassiz believed that the fishing 
banks or submarine table-lands, which lie at a distance of 100 
to 200 miles east and southeast from Cape Cod, Nova Scotia 
and Newfoundland, are such glacial deposits. On the other 
hand, it has been recently learned that fragments of fossilife- 
rous rock,* apparently of Miocene age, are brought up from 
the sea-bottom on George’s Bank, Banquereau and the Grand 
Bank, by the coralline growths attached to them becoming 
entangled with fishermen’s lines. These indicate that this 
coast, 1,000 miles in extent, is bordered by submerged Tertiary 
formations, similar to those that occur above sea-level in the 
Southern States, as had been already suggested by Professor 
C. H. Hitchcock,+ before this discovery. Although it now 
seems likely that these older deposits form the principal basis 
of the fishing banks, it is clear that the opinion of Agassiz was 
part of the truth; for besides the fossiliferous fragments many 
of granites and schists are also obtained by the fishermen. 
Furthermore, the course of the extreme terminal moraine that 
crosses New Jersey, Long Island, Block Island, Martha’s Vine- 
yard and Nantucket, has its line of continuation in these 
remarkable submarine banks. It is probable, therefore, that 
they consist, somewhat like Gay Head, of Tertiary strata cov- 
ered with their own and foreign detritus brought by the ice- 
sheet. 

The later moraine of Cape Cod, the Elizabeth Islands, south- 
ern Rhode Island and the north shore of Long Island, was 
formed after the ice had retreated from its farthest limit, but 
while it still terminated eastward beyond the present coast-line. 
This halt in its departure was extended along the entire mar- 
gin of these ice-fields to the west for a distance of more than 
2,000 miles. In the interior of the United States the extreme 
limit of glacial action ':as not yet been found to be generally 
marked by extraordinary deposits, but a most notable series of 
terminal moraines north of this line and probably contempora- 
neous’ with that of Cape Cod is found, as recently shown by 
Professor Chamberlin,} stretching across Ohio, and represented 
in southern Michigan, in the Kettle Moraine of Wisconsin, and 
the Leaf Hills of Minnesota; while its farther continuation 
seems to be in the Coteau des Prairies and the Coteau de Mis- 
souri of Dakota and British America, reaching northwestward, 
according to Mr. G. M. Dawson,§ to the North Saskatchewan 


* Described by Professor Verrill in this Journal, III. vol. xvi, p. 323. 
Appalachia, vol. i, p. 13; and Geology of New Hampshire, vol. ii, p. 21. 
“On the Extent and Significance of the Wisconsin Kettle Moraine,” in Trans- 
actions of Wisconsin Academy of Science, 1878, with maps. 
§ Quarterly Journal of Geological Society, vol. xxxi, pp. 614-623, with map. 
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River, 850 miles west of Winnipeg Lake. These deposits, like 
the moraines of southern New ineland, are made up entirely 
of drift materials, partly unstratified with abundant bowlders 
and partly stratified gravel and sand, in hills 100 to 300 feet 
high, of very irregular contour, with many enclosed hollows, 
and occupying a width of from one to thirty miles. They lie 
upon the uneven surface of the rocky strata, being continuous 
across valleys and ranges of highland, which in Wisconsin 
undulate 800 feet in vertical height; while the elevation of 
this entire series of terminal moraine varies from sea-level in 
the region that has been here described to 2,000 feet above it at 
the north line of Dakota. 

In the Western States the front of the ice-sheet is shown by 
Professor Chamberlin to have been lobed, producing acute 
angles in its terminal moraine, with medial moraines extend- 
ing northward from them; corresponding to which, we find a 
deflection of ninety degrees in the series of morainic hills on 
Cape Cod, with the massive medial moraine of Manomet and 
Pine Hills a few miles farther north. The same lobed charac- 
ter appears also to have marked the ice-sheet at its greatest 
extent, making angles similar to those of a later period in its 
frontal line, and even enclosing a large driftless area in Wis- 
consin. It is now possible to draw two pictures in our mind of 
this glacial sheet: the first, when it reached its farthest boun- 


tg toate coinciding nearly with the course of the Colum- 


bia, Missouri and Ohio Rivers, and the south coast of New 
England, while a part of Wisconsin and adjacent States was an 
oasis of verdure surrounded by its desert of ice; the secund, 
when it had yielded a portion of its ground, but rallied again 
to a sturdy resistance before being fully put to flight. 


Art. XXXII.—New Observations on Planetoids; by C. H. F. 
Peters. (Communication to the Editors, dated Litchfield 
Observatory of Hamilton College, Clinton, N. Y., August 
10, 1879.) 


I TAKE pleasure in communicating the following planet 


observations : 
(77) Frigga. 
a, app. 6. app. (log. p.”4.) No. comp. 
14539™ 55 78-38 —17°44743"9 0°168 0°884 
12 51 10 30 48°57 7 62 14 0°160, 0°884 
11 14 52 30 8°64 17 54 99 0°372, 0°880 
13 6 3 29 21°22 17 57 514 9°853n 0°873 
10 14 32 27 9°46 18 7% 49° 0°688, 0°853 
1319 6 23 47°04 18 22 51°7 9°804 0°889 
12°9 18 2113 244 —19 5 482 9-453 0°892 
Am. Jour. Sgrizs, Vou. XVIII.—No. 105, Szpr., 1879. 
14 
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(200) [discovered July 27.] 


1879. Ham.Coll.m.t. a. app. 6. app. (log. p.”4.) No. comp. 
July 27. 14551™44s) —15°37’58"8  0°417 10 

14 15 31 41 59°83 15 39 367 0°239 0°874 10 

“ 30. 13 55 43 40 21°57 15 42 59°5 07159 0°875 10 


Aug. 9. 11 21 41 21 31 30:22 —16 0 453 0°218, 0°876 10 ¢ 


To the planet (199), found on July 9th, as mentioned in the 
last number of the Journal, I have given the name Byblis. 

Frigga, as is known, had been searched for in vain for many 
years, though it had come twelve times in opposition since its 
discovery, Nov. 12, 1862. There existed nine observations of 
it made by myself at its first apparition, distributed over ninety- 
four days; further, three observations, made by Professor 
Tietjen in April, 1864, after opposition, and one by the same 
on January 21, 1868, which, however, Professor Tietjen later 
has doubted, that it perhaps was another object. From the 
fact, that in at least three of the oppositions I have searched 
with carefully prepared charts without finding any trace of the 
planet, I am led to suspect some kind of variability of light- 
reflecting power, be it atmospheric or arising from the shape. 
And I find, that, in communicating my observations in 1863 to 
the Astron. Nachr. (No. 1428), I added then the following 
note: “From the mean of the estimates the magnitude of the 
planet in the mean — results 18:0, Remarkable is the 
whiteness of the light with which it was shining, and though 
but a luminous point, the image presented a certain neatness. 
This was very striking in comparing it on the same evenings, 
therefore indopmebectiy of the state of the air, with Feronia, 
which was not far off.” Moreover, in 1864 Professor Tietjen, 
as he orally communicated to me, estimated the magnitude 
much larger than the computation had given it. Frigga, there- 
fore, needs watching, as perhaps it may give us some insight 
into the physical structure of the planetoids and their atmos- 

heres. 

When it was re-discovered, on July 16th, its position differed 
about 6° in right-ascension and 2° in declination from the place 
rigorously computed with regard to perturbations, ete. The 
motion ascertained and the situation in the orbit plane, how- 
ever, made at once probable the identity. For making more 
sure of this, I computed from the observations of July 17th 
and 20th a circular orbit, which gave 


Q==4°5', t=2°23', log a=—0°4425, 
while for Frigga we have 
9, lgr= 048i, 
therefore quite the same, the apparently larger difference in the 
longitude of the node arising only from the small inclination. 
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Art. XXXIII.— Observations on the genus Macropis; by W. H. 
Patton. 


HERMANN MULLER found the females of the European 
Macropis labiata Panz. upon the flowers of Lysimachia vulgaris 
only, while the males occurred also upon the flowers of 
Oenanthe fistulosa, Rhamnus frangula, and Rubus fruticosus.* 
This is the basis upon which Sir John Lubbock has made and 
repeated the statement, that “the species visits exclusivel 
Lysimachia vulgaris.”+ Yet Dufour had previously taken bot 
sexes upon Alisma Plantago, and Schenck had taken either 
one or both sexes upon Pryonia, Rubus cesius, Cirsium arvense 
and Pieris. Subsequently, Mr. John B. Bridgman has taken 
the male upon Cirsium arvense,t and upon Lysimachia, Mint 
and Marsh Potentilla, and the female upon Cirstwm arvense 
and Lysemachia.§ I have taken the female of the American 
species upon Lysimachia ciliata,| Rhus glabra and R. typhina, 
and Archangelica hirsuta; and the male upon Rubus villosus 
and Cornus paniculata. 

Yet there appears to be some peculiar relationship between 
the Macropis and the Lysimachia. Collecting in 1874 and 1875, 
T observed that the females taken upon other flowers had no pollen 
masses upon their Jegs, and were indeed upon another quest. 
Mr. Bridgman (I. ¢., 1878, p. 22) observed that the females 
taken on Cirsium arvense had no pollen. Can it be that the 
young live upon the pollen of Lysimachia only, just as other 
insects are restricted to the foliage of particular plants? 

Hermann Miiller (1. ¢., p. 248), observing that the pollen was 
collected upon the tibiz of these bees in thick mozs¢ balls, and 
unable to find any honey in the flowers of Lysimachia vulgaris, 
was led to believe that the bees pierced the cellular tissue of 
the flowers with the ligula for the juices with which to moisten 
the pollen. This act of the bee seems to me both impossible 
and unnecessary. The ligula is too weak, and, if we are to 
look to the Lysimachia for a solution of the problem, it is well 

* Die Befruchtung der Blumen durch Insecten, pp. 348 and 463 (1873). 

+ Belfast Address, 1874; Nature, vol. x, p. 425, and British Wild Flowers in 
Relation to Insects, p. 21. The inconsistency of his statement appears when he 
says (British Wild Flowers, p. 126) that “ Lysimachia vulgaris produces no 
honey.” and the question arises in the mind of the reader: where do the bees 
get the honey upon which they must live? 

Newman’s Entomologist, Aug., 1876, p. 158. 

Ibid, Jan., 1878, vol. xi, p. 22. 

The group of Lysimachias containing L. ciliata has recently been set apart as 
a distinct genus, Stetronema Raf., by Professor Gray (Proc. Am. Acad., vol. xii, 
p. 62) because of differences in the estivation of the corolla, but for our present 
purposes, 7ridynia (containing stricta and quadrifolia), Lysimachia (containing 
vulgaris) and Steironema may be treated together under the name Lysimachia. 
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to ask whether the glands with which the filaments and base 
of the corolla are beset may not furnish the nectar. In the 
American Z. ciliata, L. quadrifolia and L. stricta, and on the 
filaments at least of the European Z. vulgaris the glands are 
very numerous, But upon the flowers of stricta and quadrifolia 
the Macropis has not yet been found, although the flowers have 
been often watched ; it seems, therefore, that the glands afford 
no attraction. We must conclude that it is with nectar that 
the pollen is moistened ; and as it has been my good fortune to 
distinctly observe a female Macropis sucking nectar from the 
flowers of Rhus glabra, it is, evidently, from these and other 
flowers that the Macropis obtains the honey for the food both of 
itself and its young. 

But why does the Macropis moisten the pollen as it is col- 
lected? This is an unusual habit. The social bees moisten it 
in order that it may be retained on the pollen plates. The 
Scopulipede and Gastrilege bees retain the dry pollen with the 
hairs forming the pollen brushes. The Lysimachia pollen is 
not of so dry a nature that hairs would not hold it. An alto- 
gether new interest was given to the genus Macropis by 
Hermann Miiller’s observation that it alone of all the solitary 
bees of Germany moistened the pollen as collected, thus econ- 
omizing in the expanse of hairs upon the legs.* The retaining 
hairs upon the posterior legs of M/acropis are unusually short. 
By moistening the pollen they are enabled to retain much 
larger masses than they otherwise could. Such, also, is the 
habit, as I have observed, with the allied American genera 
Scrapter, Calliopsis, and Perdita (P. 8-maculata Say); and Fritz 
Miiller has recorded the same habit for Centris, Zetrapedia and 
Epicharis in Brazil,t although in these latter genera the scopa 
is long. 

a of the close resemblance which Macropis bears 
to the higher bees, Shuckard (British Bees) was led to believe 
that it would be found to agree with them in their noisy flight 
also. But repeated observations in the field, under the most 
favorable circumstances, have satisfied me that their flight is 
perfectly silent. Yet Shuckard is not correct when he says 
the other Andrenide are mute, for I have observed that certain 
species of Colletes, C. armata mihi and C. compacta Cress , and 
— some of the larger species of Andrena, make, during 

ight, a distinct hum much like that of the honey-bee. 

*L.c., p. 47, and Anw. d. Darw. Lehre auf Bienen, p. 22 (1872). 

+ Nature, vol. x, p. 103. These observations by Fritz Miiller are open to doubt. 
In Centris, as in our native genera Diadasia (n. g.) and Meélissodes, the hairs of the 
scopa are conspicuously plumose, and the pollen would have a matted appearance 
even when dry. It can be stated with confidence that, even if the pollen is 


slightly moistened by these bees, it is not formed into a paste, as it is by the 
social bees. 
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Up to the present time no French* or English author has 
questioned the validity and naturalness of the two groups, 
Abeille and Pro-abeille, into which Réaumur divided all the 
bees. Kirby adopted this classification, employing the names 
Apis and Melitta; Latreille adopted it under the names Apiarice 
and Andrenete ; and all subsequent authors have emploved the 
same classification, either under these names or under Leach’s 
family names Apide and Andrenide. Yet the only characters 
given for separating the Apide and Andrenide which are not 
entirely erroneous are: 

Apide ; labium longer than mentum, basal joints of labial palpi 
elongate, labium slender and not flattened. 

Andrenide ; labium shorter than mentum, basal joints of labial 
palpi not unlike the following joints, labium flattened. 


But in the genus Scrapier (placed among the Andrenide) the 
palpi are precisely as in Calliopsis (placed among the Apide), 
and, as I have observed, the labium in repose is of precisely 
the same length—in both extending to the tip of the basal 
joint of the palpi. The greater breadth of the labium in 
Scrapter can alone determine to which family it belongs, and 
this difference in breadth is imaginary rather than real. More- 
over, in the genera Megalopta and Oxystoglossa, and some groups 
of the genus Nomia (genera placed among the Andrenide), the 
labium is as slender as in the Apzde; and in the genus Hy/eordes 
(placed among the Andrenide) the joints of the labial palpi are 
proportioned just as in certain of the Apide. 

Rejecting, therefore, the families Andrenide and Apide, and 
without proposing, at present, a more natural classification for 
the ANTHOPHILA, Macropis may be removed from connection 
with the short-tongued bees and placed between the Andrenoides 
and Scopulipedes. In the greater number of its characters it is 
allied to the Andrenoides, but in single characters of great 
value it bears relationship to other very diverse groups. With 
the Andrenoides it agrees in the venation of the anterior wings, 
which differs from that of Scrapter and Calliopsis in the pointed 
marginal cell only, in the cleft claws of the female, and in the 
habit of moistening the pollen as collected. With Andrena 
it agrees in the form of the tongue and palpi. With the 
Scopulipedes it agrees in the short anal lobe of the posterior 
wings and in general appearance. In the form of the basal joint 
of the posterior tarsi of the female it agrees with none but the 
social bees, which also have the habit of moistening the pollen 
as collected. 


* As Lepeletier failed to recognize the Bees as a natural group, he cannot be 
said to have presented any classification of them. 
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Macroris Panz, (1809). 


Ocelli in a slight curve; face slightly narrowed beneath ; 
clypens not elevated, yellow in the male; labium transverse, 
entire; mandibles stout, obtusely bidentate; maxillary palpi 
6-jointed, the sixth and one-half of the fifth joints extending 
beyond the apical lobe of the maxillee; labium lanceolate, one- 
third the length of the mentum, the latter narrowing toward 
the base, the paraglosse small; joints of the labial palpi 
decreasing in length successively, the basal joint equal in 
length to the second and third taken together. The flagellum 
in the female sub-clavate, the first joint ovate, the second nar- 
rowed toward the base and one-third longer than the first joint, 
the third and fourth joints equal and when taken together 
shorter than the second joint, the apical joint obliquely trun- 
cate; in the male the first joint of the flagellum is po the 
second scarcely longer than the first, the third scarcely one-half 
as long as the second, the fourth about equal in length to each 
of the following joints, the flagellum not clavate but longer 
than in the female. The anterior wings have two submarginal 
cells, the second receiving both recurrent nervures, the origin 
of the first recurrent nervure far beyond the origin of the 
cubital nervure; the stigma of good size; submarginal bulle 
six, two on the first transverse nervure, one on the second, one 
on the first recurrent nervure, two on the second; basal lobe 
of the posterior wings extending beyond the middle of the 
submedial cell. Both sexes have the tarsal claws cleft and a 
distinct enclosure at the base of the posterior tibize. Posterior 
femora of the male swollen; posterior tibise in both sexes 
robust; basal joint of the posterior tarsi of the female quadrate, 
flattened, the upper angle not produced, the second joint 
attached at the lower angle; the posterior tibise and the basal 
joint of the posterior tarsi of the female clothed with a short, 
dense probescence upon which the pollen is collected in moist 
masses; basal joint of the posterior tarsi of the male armed 
with a regular comb of long teeth projecting from the inner 
margin of the lower face. Sixth segment of the abdomen of 
the female with a smooth enclosure on the disk. The seventh 
segment in the male with a triangular pyramidal projection on 
the disk, the apex of the projection obtuse, the anterior and 
longest side polished. 


0. C. Marsh—Jurassic Mammals. 215 


Art. XXXIV.—Additional Remains of Jurassic Mammals ; 
by O. C. Marsa. 


BESIDE the two mammals from the Jurassic beds of the 
Rocky Mountains already described by the writer,* two other 
specimens have recently been brought to light, from the same 
locality and horizon, Both are lower jaws, and apparently 
both pertain to the genus Dryolestes, and furnish important 
characters to distinguish it. In one of these specimens, the 
angle of the lower jaw is strongly inflected, thus indicating its 
marsupial nature. The other proves that the genus is quite 
distinct from Didelphys, as there were at Jeast four premolars. 
The last lower premolar is compressed and trenchant, and not 
like the molars. 

This specimen differs from the jaws of Dryolestes priscus, in 
being more slender, less curved, and less compressed. The 
symphysial surface is long, and only moderately roughened. 
The fourth lower premolar is in perfect preservation. It has 
two fangs, and the crown is very sharp, and much compressed. 
There is a slight tubercle on the front margin, and a low 
distinct heel on the posterior border. 

The following measurements are from this specimen : 


Space occupied by four lower premolars, » 
Depth of jaw below first premolar, -.........-.. 2°5 
Depth of jaw below fourth premolar, 

Width of jaw below fourth premolar, 

Height of crown of fourth lower premolar, 


The species represented by this specimen may be called 
Dryolestes vorax. The animal appears to have been rather 
smaller than D. priscus. The only known remains are in the 
Yale Museum. 

Yale College, New Haven, August 8, 1879. 


PosTscRIPT.—Since the above was in type, another lower jaw 
has been obtained from the same locality and horizon as those 
already noticed. This specimen is quite distinct from those 
described from this country, and in some respects resembles 
the genus TJriconodon of Owen, from the Jurassic of England. 
The molar teeth have each three pointed cones, as in that 

enus. In the present specimen, however, there are four 
ower molar teeth, instead of three. The middle cone on each 
tooth is the largest, while in Triconodon they are nearly of the 
same size.t The last lower molar of the present specimen is only 
about half as large as those before it. 

* This Journal, vol. xv, p. 459, 1878, and vol. xviii, p. 60, 1879. 

+ From Phascolotherium, with which it agrees more closely, the present genus 
may be distinguished by the greater number of teeth. 
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A striking feature in this jaw is the coronoid process, the 
anterior margin of which forms a right angle with the ramus, 
immediately behind the last molar. The angle of this jaw is 
much extended backward, but not perceptibly inflected. The 
condyle is low, and but slightly above the dental series. 

The figure below gives the outline and general features of 
this specimen. 


Right lower jaw of Tinodon bellus, Marsh. Twice natural size. 
The principal dimensions of this specimen are as follows: 


Space occupied by eight posterior teeth, 

Space occupied by four posterior molars, 

Distance from last molar to posterior end of jaw, 
Height of coronoid process above base of jaw,... 7° 
Depth of jaw below last lower molar, 2° 
Depth of jaw below last premolar, 


This specimen indicates a new genus, which may be called 
Tinodon, and the species Tinodon bellus. The animal thus 
represented was apparently an insectivorous marsupial,* and 
in size somewhat smaller than those above noticed. 

Yale College, August 16, 1879. 


SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PuHysICcs. 


1. On the of Yiterbium.—LxEcog DE BoisBaupRAN 
having received from Marignac a portion of his new earth ytter- 
bia, has submitted it to spectroscopic examination. By using the 
chloride in solution in water, and the induction spark, he obtained 
a beautiful and distinctive spectrum formed for the most part of 
bands grouped between the solar lines D and F. Almost all of 
these bands are shaded from the left toward the right, the spec- 
trum being so placed that the red end is at the left of the observer. 
The following are the bands observed, their positions being given 
in scale numbers: (1) Well marked band, slightly shaded from 
left to right, of intensity 6; the left border nebulous at 103%, the 
apparent center at 1044. (2) Feeble band a little shaded from 
left to right, its apparent center at 1074. 6) Well marked and 
strongly shaded band, of intensity a; left border sharp at 1094, 

* The elevated coronoid process, and the absence of inflection at the angle, 
suggest the possibility that this jaw may have belonged to a placental mammal. 
The latter character, with others of importance, indicate a distinct family, which 
may be called Zinodontida. 
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the middle at 1104, and the right and ill-defined edge at about 
1114. (4) Well marked band, notably shaded from left to right, 
of intensity 6,; left edge slightly nebulous at 113, the middle 
at 1144, and the ill-defined might edge at 1153. (5) About 1164, 
nebulous beginning of a band with two maxima, of intensity 6,, 
the whole being well-marked, the principal brightness beginning 
at about 118, the first and strongest maximum about 119, and the 
middle of the second maximum at 121}. Near 1224 is the very 
ill-defined right edge of this band, which is united to the one next 
following by a slightly luminous background. (6) Band a little 
more feeble than that at 1074 and notably shaded; its left edge, 
somewhat nebulous, being at 123}, its middle about 1244, and its 
very nebulous right edge near 126. (7) Well marked band a 
little stronger than 6, at 1144 and strongly shaded from left to 
right, of intensity yi left edge sharp at 1264, the middle being at 
1277, and the right edge, ill-defined, at 129. (8) Band sensibly 
shaded, of intensity ¢; easily visible, but distinctly more feeble 
than 6, at 1144; left nebulous edge at 130,4, the middle at 131 
and the right ill-defined border at 1823. (9) Feeble band a little 
more nebulous on the right than the left edge, its apparent middle 
at 134; united to the following band by a slightly luminous back- 
round. (10) Band very nebulous on both borders, about two 
ivisions broad, notably more marked than 134, and a little 
stronger than 1074; the apparent middle and maximum of light 
is at 1354. Bands 134 and 135} together are easily visible. (11) 
Very weak nebulous band 14 divisions broad, the middle being 
about 138. On the scale of the instrument, the solar lines read as 
follows: B 774, C 83,4, D 100, E 1214, F 1412, G 180%. Though 
not at all necessary to establish ytterbium as a new element, the 
author thinks that the existence of this specific emission spectrum 
is interesting and may be of service as a means of recognizing 
this metal, especially in the absence of more precise knowledge of 
its chemical properties.— C. R., Ixxxviii, 1342, June,1879. G. F. B. 
2. On Nitrification. — Warincron has published a second 
paper upon nitrification, giving the results of experiments made 
with the primary object of ascertaining the influence of light and 
temperature, and also of variations in the composition and con- 
centration of the solutions, upon the process, as well as the rate 
at which the nitrification progresses and the relation of the nitric 
acid produced to the ammonia consumed. The importance of the 
conclusions reached warrants us in giving them at some length. 
They are as follows: 1. A solution of ammonium chloride, fully 
supplied with plant-food, will not nitrify if germs be excluded. 
2. Such a solution containing calcium phosphate and potassium 
sulphate, but no organic salt or calcium carbonate, will not nitrify 
even when seeded. 3, Such a solution, supplied with sulphates 
and phosphates of potassium, calcium and magnesium, with cane 
sugar, will not nitrify, even when seeded. 4. Such a solution 
containing potassium tartrate in addition to phosphates and sul- 
phates, may nitrify when seeded, but the nitrification takes plave 
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very slowly, the salifiable base required, being furnished by the 
gradual decomposition of the tartrate. 5. Nitrification takes 
place speedily only when an excess of salifiable base, such as cal- 
cium carbonate, is present. 6. Nitrification may occur in solutions 
in which calcium salts are apparently absent. 7. A proportion of 
organic carbon (as tartrate) to nitrogen (present as NH,Cl) equal 
to 3:10 by weight suffices for the purposes of nitrification, and 
probably even less would be sufficient. 8. Solutions containing 
as much as 640 milligrams NH,Cl per liter can be completely 
nitrified, though the limit of concentration up to which nitrifica- 
tion is possible has not yet been ascertained, 9. Nitrification is 
not produced by the growth of mould which takes place in a 
solution containing tartrates. 10. It is not produced by growth 
of bacteria; at least bacteria may flourish in solutions of composi- 
tion suitable for nitrification, without nitrification taking place. 
11. Light certainly hinders nitrification; this is shown by ever 
experiment save one. In twelve experiments out of thirteen, it is 
prevented or greatly delayed by exposure to light, or rather to 
alternate light and darkness. Evidence is yet wanting, however, 
that the nitrifying ferment is killed by light. In nitrification in 
the light, nitrites are abundant, even in weak solutions, and are 
very permanent. 12. Nitrification does not take place at the 
temperature of 40° ©. Prolonged exposure to this degree of heat 
destroys apparently the ferment. 13. The addition of a small 
quantity of nitrifying solution to an ammoniacal solution of suit- 
able composition is not immediately followed by perceptible 
action; a period of rest, often of considerable length, precedes the 
active work of the ferment. Whether this is due to the necessity 
of multiplying the germ to produce the effect or to the existence 
of the germ in a passive condition, is not yet settled. 14. Increase 
in the concentration of the ammoniacal solution lengthens the 
riod of incubation. 15. Increase of temperature within certain 
imits greatly reduces the length of the period of incubation, it 
being bom at 30° than at 20°. 16. The period of actual nitri- 
fication, which succeeds the period of incubation, increases with 
the concentration of the ammoniacal solution, and if the tempera- 
ture be fixed, its length varies nearly as the degree of concentra- 
tion. Strong solutions require rather less time in proportion to 
their strength than weak ones. 17. The period of actual nitrifica- 
tion diminishes greatly in length by rise in temperature; though 
it is not. yet proved to be shorter at 30° than at 20°. 18. From 
16 and 17, it follows that the average rate of oxidation increases 
up toa certain point with rise of temperature and is also somewhat 
increased with increasing concentration of the solution. 19, The 
rate of oxidation is not uniform throughout, the process of nitrifi- 
cation beginning slowly, then increasing in rapidity and after 
reaching a maximum, diminishes again toward the close. 20. The 
product of the nitrification is not uniform, sometimes nitrous and 
sometimes nitric acid being produced. A purely nitric fermenta- 
tion has occurred only in the case of cold dilute solutions nitrified 
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in the dark. With strong solutions, or at elevated temperatures, 
or kept in the light, the nitrification is wholly or chiefly nitrous, 
Cold dilute solutions, in which nitrification is long checked by the 
absence of a salifiable base, also assume the nitrous fermentation 
on introducing such a base. 21. It does not appear that the pro- 
duction of nitrous acid is due to a deficiency of available oxygen ; 
at least this is not a sufficient explanation for all the facts. It 
seems rather to depend on the condition of the ferment. 22. Ni- 
trites produced during nitrification sometimes pass into nitrates 
with astonishing rapidity — the final stage of the process and 
before the ammonia has entirely Snel. Under other cir- 
cumstances they remain unchanged for a long time after the am- 
monia is all consumed. Light is apparently a condition which 
prevents nitrites from turning into nitrates. 23. The nitrifying 
ferment in certain conditions seems capable of producing nitrous 
acid only and is incapable, even in the dark, of converting nitrites 
into nitrates. 24. The whole of the ammonia is not finally ob- 
tained as nitric acid, the largest proportion so obtained being 
about 96 per cent; the mean of ten experiments being 93:7 per 
cent. In one exceptional experiment only 84°7 per cent was pro- 
duced. 25. A solution of potassium nitrite remains, for a long 
time at least, without change, even in presence of tartrates, phos- 
phates and calcium carbonate. But now, if a small quantity of a 
solution in which nitrites have been changed into nitrates, be 
added, the oxidation to nitrate is rapidly effected. This conver- 
sion takes plave apparently only in the dark—J. Chem. Soc., 
xxxv, 429, July, 1879. G. F. B. 

3. On the Chemical Constitution of Alkali-metal Amalgams.— 
BerTHELor has investigated the question of the chemical compo- 
sition of the amalgams which mercury forms with the alkali-metals. 
A series of these amalgams was prepared, some liquid, some solid, 
and treated with dilute hydrochloric acid, the heat evolved bein 
measured. At the same time the quantity of the alkali-meta 
present was determined by analysis. The experiment was always 
made between 16° and 18°, the quantity of amalgam used being 
such that the variation of temperature in the calorimeter was 
between 1°5° and 4°. Beginning with a liquid amalgam contain- 
ing 0°335 parts K to 100 parts Hg, or Hg,,,K,, the heat set free 
by the solution of one atom of K (39°1 grams) in dilute HCl, was 
35°8 calories, and hence the heat ovsivel by one atom of K unit- 
ing with Hg was 26°2 calories. With 0°65 per cent K, or Hg,,K,, 
still liquid though mixed with crystals, the heat in the former case 
is 31°3 and in the latter 302. ith 1°34 per cent K, or Hg,,K,, 
a — amalgam, the numbers are 27°8 and 33°7. With 1°85 K 
(Hg. ), 27°25 and 34:2, the amalgam being solid. by 2 per 


20:8 


cent K (Hg,,,K,), 26°7 and 34:8, ith 3°40 (Hg, 
29°7. ith about 8 per cent K, 41:2 and 20°3. With 8-2 K 
(Hg..K,), 40°7 and 20°8. With 11°85 K (Hg,,,K,), 46°2 and 15:3. 

ence it appears that the heat of formation of these a 


, 31°80 and 


increases at first to a maximum and then diminishes again. is 
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maximum corresponds to a definite and crystallized amalgam 
analyzed py Crookewitt and by Kraut and Popp, containing 1°6 
per cent K and having consequently the formula Hg,,K. m 
liquid + K = Hg,,K evolves 34°2 calories; or 27°5 calories if the 
Hg be solid; values comparable to those of combinations formed 
with powerful attractions, and lowering the heat of oxidation of 
K in its amalgams to +-48 calories. If this amalgam be now dis- 
solved in four times its — of mercury, we have 26°2—34:2 = 
—8 calories absorbed, a value of the same order as is given by 
the solution of saline hydrates. These results point out the 
existence of other solid and crystalline amalgams of potassium. 
Sodium acts similarly in amalgams, the maximum heat being 21:1 
calories for one atum Na corresponding to 1°88 per cent Na 
 scceggae solid, crystalline amalgam analyzed by Kraut and 

— is gives for the heat of oxidation of Na when dissolved 
in Hg 56 calories. The attraction of K and Na for oxygen when 
free, is inverted in their amalgams. Hence the anomaly that 
sodium in an amalgam will displace the potassium in dissolved 
potassium hydrate.—C. #., Ixxxviii, 1335, June, 1879. G. F. 

4. On the Action of Dehydrating Substances upon Camphorie 
acid and its amides.—In the hope of producing the nitrile of 
camphoric acid, which though an isomer of nicotine, is not, since 
the latter is a tertiary base, identical with it, BaLto has studied 
the action of dehydrating agents upon the — a of 
Laurent. According to the analogy with similar bodies, this 
amide under the influence of dehydration must split bog the 

So 


nitrile and water thus: C,H,, CONE —(H,0),+CH,, | ON: 


also camphoramic acid =(H,0),+C,H,,} 


and ammonium camphorate (H,0),+CH,,] 
For the preparation of the amide, he at first passed ammonia 
gas into a solution of camphoric oxide in alcohol. But the alco- 
hol was not entirely free from water and only ammonium cam- 
phorate resulted. e syrupy mass, heated with eight or ten 
times its weight of fused zinc chloride, gave an oily distillate con- 
sisting mainly of the hydrocarbon C,H,,, which the author calls 
campholene and regards as identical with that obtained by Gille 
from campholic acid, This experiment shows that under this 
influence camphoric acid decomposes exactly as oxalic acid does: 
CH, ©.H,,+C0,+CO+H,0. In a second experi- 
ment, the amide was attempted by acting on camphoryl chloride 
with ammonia. The product of the reaction was again a syrup, 
which, distilled with phosphoric oxide gave a yellow oil, boiling 
for the most part between 260° and 280° and having the composi- 
tion of a polyterpene C,,H,,. From its origin, he called it cam- 
hoterpene. The third experiment was like the first, especial care 
ing taken to free the alcohol completely from water. Ammo- 
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nium camphoramate was the result. Distilled alone, it gave 
camphorimide This body, distilled with zine 


chloride yielded campholene and camphoterpene only, the result- 
ing amide being saponified by the zinc chloride and the phospho- 
ric acid. Ammonium camphoramate itself, distilled with phos- 
phoric oxide directly, gave the desired nitrile mixed with cam- 
holene. Recrystallized from alcohol, it was obtained as a color- 
ess crystalline body, odorless when pure and quite similar in 
appearance to the imide. Ballo closes his paper with some theo- 
retical deductions, in which he formulates camphor as a tertiary 
alcohol c} CH.) , the carbinol of the trivalent radical C,H,,; 
(C,H,,)” 

in which case borneol is the secondary alcohol C a 


and 


menthol the primary alcohol .—Liebig’s Ann., exevii, 
321, June, 1879. G. F. B. 

5. A new Synthesis of Methyl-violet.—HasseNcamp has described 
a new synthesis of methyl-violet. When a mixture of one part of 
pure benzene sulphochloride and two parts of dimethyl-aniline is 
warmed in a flask on the water bath, reaction takes place readily 
and a deep blue liquid results, becoming deeper and more violet 
continually until after some hours a thick mass is left having a 
strong metallic luster. The reaction goes on with great uniform- 
ity and no gas is evolved. The behavior of the new color to 
fibers first suggested that methyl-violet had been formed. On 
boiling out with water, the presence of phenyl sulph-hydrate is 
proven. Since the maximum yield is from one molecule of the 
sulphochloride and three of dimethyl-aniline, the reaction must 


take place as follows: 

(CH,),NC,H, C,H, 

C,H,SO,Cl+-(C,H,N(CH,),),= C 
(CH,),NC,H, 


3 
(H,0O),+C,H,SH.—Ber. Berl. Chem. Ges., xii, 1275, July, 1879. 
G. F. B, 

6. On the Alkaloids of Japanese Aconite Roots.—W rieut, in 
connection with Lurr and subsequently with Menke, has exam- 
ined the alkaloids contained in some aconite roots recently 
imported into England from Japan. The conclusions of the 
paper are: (1) Aconite roots from Japan are tolerably uniform in 
character and considerably richer in active crystallized alkaloids 
as well as non-crystalline bases than A. napellus. (2) The active 
crystalline alkaloid is, as Paul and Kingzett suppose, different 
from both aconitine and pseudaconitine, though closely allied to 
both, especially the former.. (3) Only one crystallized alkaloid. 
could be isolated from each of three different batches of roots. 
This has the formula C,,H,,N,O,,. (4) This alkaloid, to which 
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the name japaconitine is assigned, breaks up upon saponification 
into benzoic acid and a new base japaconine, ©,H,,NO,,. On 
treatment with benzoic oxide, it forms derivatives containing four 
benzoyl groups for every C,, originall — differing from 
aconitine, which gives only a di-benzoyl derivative. Japaconine 
gives the same derivative on benzoylation. These alkaloids 
closely resemble aconitine and aconine and are distinguished only 
by analysis or by their benzoyl derivatives. Japaconitine forms 
readily crystallizable salts especially with nitric, hydrochloric and 
hydrobromic acids, the latter salt containing 24 H,O for eve 

29 like aconitine. (6) In isolating japaconitine, plain alcohol, 
instead of alcohol acidified with tartaric acid must be used. All 
the alkaloids are easily extracted thus. (7) The relation of japa- 
conitine to its derivatives and to aconitine is conveniently ex- 
pressed by regarding it as formed by the sesquihydration of an 
alkaloid C,,H,,NO,, not yet isolated.—J. Chem. Soc., xxxv, 387, 
July, 1879. G. F. 

7. Determination of Vapor Densities.—The method of determin- 
ing the density of vapors invented by Victor and Carl Meyer has 
already been noticed in this Journal, and the chief results which 
they have obtained by means of it have been stated. But this 
method demands more than a passing notice. It is so simple in 
its theory and manipulation, so universal in its application, and it 
avoids in such a remarkable way the main difficulties and sources 
of inaccuracy, which are inherent in all the methods hitherto 
employed for the same purpose, that it promises to become one of 
the most important aids in the investigation of chemical science. 
The theory of the method may be stated thus. 

If a known amount of some volatile substance is suddenly dropped 
into an appropriate vessel heated to a constant temperature, which 
is sufficiently high to convert the material to an aeriform condition, 
it is obvious that the substance in volatilizing will expel from the 
vessel a quantity of air, which must be the exact equivalent of 
the volume of vapor formed—that is, an amount of air which at 
the unknown temperature and pressure in the vessel would just 
fill the space of the vapor. Hence then the specific gravity of 
the vapor is the known weight of the material used divided by 
the weight of the air expelled. The problem is thus reduced to 
finding the weight of the air expelled, and is wholly independent 
of the temperature or volume of the vessel, both of which may 
remain unknown quantities, All the uncertainties, therefore, con- 
nected with the measurements of high temperatures, or of the 
volume of the vessel under such conditions, are avoided. We 
have only to collect the air over a common water pneumatic 
trough and measure its volume, at the ordinary temperature and 
pressure of the air in the laboratory, and from these data we can 
easily calculate the weight required; or, if the material under 
examination is liable to oxidation, the vessel may be previously 
filled with nitrogen or some other inert gas, since the volume of 
such gas will be the same as the volume of the air under the 
same circumstances, 
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has a capacity o 


The only apparatus required in most cases is represented in 
the a figure, which is drawn to scale. 
about 100 cm.’ and is about 20 c.m., long, and 
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The bulb d 


the glass tube to which it is attached is about 60 c.m. long and 
6 mm. wide. The upper end of this tube is closed by a rubber 
stopper @, while to its side is united the very narrow delivery 


tube a, which conducts the expelled air to a 
pneumatic trough. By means of a wire guard 
the bulb is prevented from touching the sides 
of the iron bath in which it is heated, and a 
small amount of asbestos at the bottom of 
the bulb serves to break the fall of the small 
weighing tube, holding the weighed substance, 
which is dropped in at d. The iron bath is 
made of a short piece of two-inch gas pipe 
closed by welding at the bottom, and sup- 
ported on a tripod of such height that, while 
the tripod stands on the floor, the pneumatic 
trough may stand on a table of medium height. 
In the bath may be used paraffine or a molten 
metal as circumstances require, and its tem- 
perature is maintained by gas burners, more 
or less — according to the temperature 
to be obtained. For comparatively low tem- 
- peratures the most convenient bath is the 
vapor of some high boiling liquid, whose ebul- 
lition is so regulated that the vapor condenses 
before reaching the open mouth of the long 
necked boiling flask in which the bulb is held. 
In a bath of melted lead a low red heat is 
easily obtained, and it has been found that 
tubes of Bohemian glass will readily sustain 
this temperature without collapsing, for, al- 
though the glass may take a new set under 
the circumstances, the resulting change of vol- 
ume is of no importance in this process.- In 
their later experiments, the Brothers Meyer 
have used a porcelain vessel, heated in the 
muffle of a gas furnace to a temperature above 
the melting point of cast-iron. 

After the bath has been heated to the degree 
required, and its temperature has become 
constant (a condition which is indicated by 
the fact that bubbles of gas cease to esca 
from the open mouth of the tube, while at the 
same time there is no tendency in the water 


to recede) the necessary observations are made in a ve 
way. The stopper at d is removed, the small tube c 
the weighed substance is dropped in, and the st 
replaced, The few bubbles of air displaced by th 


ry simple 
ontaining 
opper instantly 
e stopper are of 
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course neglected; but the air, which soon begins to stream over 
in consequence of volatilization of the material introduced, is col- 
lected over water in an ordinary graduated tube. The experiment 
is soon finished, and the stopper d must then be removed, to pre- 
vent any recession of the water in the trough. 

It remains only to measure the volume of the air in the gradu- 
ated tube with the usual precautions, For this purpose the tube 
with its contents is transferred to a tall cylindrical glass vessel of 
water, and held by a clamp in a vertical position, so that the 
water is at the same level within and without the tube, and, as 
soon as an equilibrium of temperature is attained, we observe the 
volume of the air, the temperature of the air (necessarily the same 
as that of the water confinin .? and the height of a neighboring 
barometer. We have now V, H and ¢, from which we can caleu- 
late the corresponding weight. But in making this calculation 
we must remember that the air when measured is saturated with 
moisture, and therefore, that in order to find the true tension of 
the confined air, we must subtract from the reduced height of the 
barometer the maximum tension of the vapor of water at the tem- 

erature ¢, Representing by / this tension (which will be found 
in Regnault’s tables), we have for the weight of the air displaced 


by the vapor 
273 


76 273-+44¢ 
and if W represents the weight of the substance used 


W’'=0:001293 Vv; 


Sp. Gr. = oe 


For convenience of logarithmic calculation these formule are 
easily combined into the following form : 


log (Sp. Gr.) = 2°3330 +- ar. co. log (H—A) + log (278+-4) + ar. co. 
log V + log W. . 


In these determinations it is important that the amount of sub- 
stance taken should never more than one-half fill the vessel 5 
with vapor, lest, in the process, some of the vapor should be 
driven out with the air. The least loss of material caused in 
this way would evidently be fatal to the accuracy of the method; 
but, short of such a result, no admixture of the vapor with the 
air in the vessel can affect the process; since, according to the 
well-known laws of Dalton, the elastic force of a mixture of gas 
and vapor is equal to the sum of the tensions which each would 
have separately. In the case of a heavy vapor, no considerable 
mixing with the air during the short time of the experiment was 
to be feared, but, when the vapor was lighter than air, such 4 
rapid admixture as would lead. to large loss—even when the 
volume of the vapor was small as compared with that of the 
vessel—might reasonably be expected. Hence it was with sur- 
prise that the method was found to be applicable to light, vapors 
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as the following example shows, selected for this reason to illus- 
trate the manner in which the calculations are best made. 
Fxample.—Determination of the specific gravity of the vapor 
of water: The vessel was heated to a constant temperature in the 
vapors of xylol and a tube containing 0°0102 grams of water 
dropped in as described. The air expelled measured 14°6 ¢.m. at 
16°'1, and the reduced height of the barometer in the room was 
72°33 c.m. By the tables the maximum tension of the vapor of 
water at 16°'1 is 1:36 c.m. Hence 
: Constant log 

H—h=10°97 or. co. log 

213 +t=289'1 log 

V=146 ar. co. log 

W=0°0102 log 


. gr. 0°613 
Theory H,0 0°623 

Two other independent determinations of the same value gave 
0°63 and 0°64 respectively. 

On account of the great ease with which vapor densities can be 
determined by this process, we have reason to hope that it will 
serve to greatly multiply the fundamental data on which our 
knowledge of molecular weights is based. Already some remark- 
able results of this kind have been obtained. Thus the vapor 
densities of arsenious and antimonious oxide at the temperature 
of molten cast iron have been found to be 13°8 and 19°8 respec- 
tively (the mean in each case of two determinations), and these 
correspond to the symbols As,O, and Sb,O, instead of the received 
— As,O, and Sb,O,. On the other hand cuprous chloride at 
the same high temperature gave a vapor density of 6°93, corres- 
ponding to Cu,Cl,, thus confirming the received opinion in regard 
to its constitution, which was previously based chiefly on theoret- 
ical considerations connected with the atomicity of its elements. 

In the Berichte der Deutsch. Chem. Gessell. of July 28th, re- 
ceived since the above was in type, we have an account of a still 
more remarkable result which the Brothers Meyer have obtained 
with their method of determining vapor densities. Having in the 
first place established the fact that mercury and oxygen (by exper- 
iment), and nitrogen (by inference), retain their normal vapor or gas 
density and therefore their normal molecular structure even at the 
highest temperature of a gas furnace, about 1567° C., they next 
experimented on chlorine, by dropping a weighed amount of PtCl, 
into the heated porcelain vessel above described; and it appears 
from these experiments that at temperatures above 800° chlorine 
gas undergoes disassociation. Thus at about 620° the density 
ound was 2°42, 2°46. 

Theory for Cl, 2.45 
At about 808° the density found was 2°21 2°19 
“ 1028° “ “ 1°89 


Theory for } Cl, 1°63 
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Hence between 1242° and 1567° the density of chlorine gas is 
constant at two-thirds of its normal value, and its molecular 
weight which is normally 71 becomes at temperatures above 1200°, 
equal to 47°3. In the present paper the Brothers Meyer offer no 
definite explanation of this most remarkable result, but they refer 
to the old theory which regarded chlorine as an oxide as furnish- 
ing a possible explanation of the anomaly and propose to attempt 
to separate by diffusion at 1567° the disassociated elements of 
8. Compressibility of gases at high pressures.—Amagat con- 
tinues his work upon this subject at St. Etienne in a shaft 380 
meters deep. He proposes to study a series of gases and gives, 
as a preliminary result, his observations upon nitrogen, taking 
this gas for a basis on account of the facility with which it can be 
prepared in a comparatively pure state. e results are given in 
the following table. P represents the pressure in meters of quick- 
silver, P’ the atmospheric pressure, v the original volume, P» the 
product of the pressure and the volume. i 


Pv 


96°698 127°223 51594 
128°296 168°684 52860 09760 
158°563 208°622 54214 0°9516 
190°855 251°127 55850 0°9238 
221°103 290°924 57796 0°8927 
252°353 332°039 59921 0°8613 
283°710 373°302 62708 0°8297 
327°388 430°773 65428 0°7885 


The temperature was maintained nearly constant from 22-00 to 
22°03°. At 430 atmospheres it was found that the gas volume 
was one-fourth smaller than it should be according to Marriotte’s 
law.— C. &., lxxxviii, 1879, p. 336; Beiblatter Annalen der Physik, 
No. 6, 1879, p. 414. fa 

9. Elements of Modern Chemistry ; by ApotpHe Wurtz, 
Professor of Chemistry of the Faculty of Medicine of Paris, ete. 
Translated, with the Author’s approval, by Wm. H. Green, M.D. 
687 pp. 12mo, with 132 illustrations. Philadelphia, 1879. (Lippin- 
cott & Co.).—In a preface to this American edition of Professor 
Wurtz’s Chemistry, the author states that his friend and former 
pupil, Dr. Green, presents in this translation “a faithful, or even 
improved, representation of the original work.” The hand of a 
master is seen in this book, which is simple, direct, and symmet- 
rical in its discussion of elementary facts and principles. The 
subject of Chemical Philosophy is naturally divided under two 
heads; so much as is essential to the study of the metalloids is 
compressed into less than fifty pages, at the commencement of 
the volume, while the theory of Atomicity, the Constitution of 
Salts and Classification of Metals are treated in about the same 
space before the metals. The general ideas upon the Constitution 
of Organic Compounds are compressed into about thirty pages 
preceding that subject. Many teachers and students will gladly 
adopt this book as a manual. Its order is logical and the main 
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facts of discovery are clearly stated, and, as far as possible, in his- 
torical order, with a severe exclusion of extraneous matters. Its 
usefulness would be increased by a synoptical table of contents 
and a fuller index of proper names and subjects: e. g., one looks in . 
vain for such important words as molecule, atom, Ampére, Avo- 
grado, volume, gas, and many other equally essential terms. A 
French work has rarely a good index; but an English translation 
need not repeat this fault. In these days, when gas has com- 
pletely replaced the old-time charcoal furnaces as a source of heat 
in the laboratory, it looks strange to see these historic things re- 
produced from old cuts in the newest French book. B. 8. 


II. GEOLOGY AND MINERALOGY. 


1. Discovery of specimens of Maclurea magna, of the Chazy, 
in the Barnegat limestone, near Newburg, New York; by R. P. 
Wuirrietp. (From a letter to J. D. Dana, dated American Mu- 
seum of Natural History, Central Park, New York, July 30, “ig 
—Being on business at Newburg, New York, on July 19th last, 
stopped for a few minutes, in passing a quarry of the Barnegat 
limestone, situated near the northwest base of Snake Hill on the 
“ Little Pond Road” one and three quarter miles southwest of New- 
burg Ferry, where I obtained from the thin shaly layers of the 
limestone, remains of three specimens of Maclurea magna Les., one 
of which is sufficiently well preserved to be unmistakable. 

This information may aid somewhat in determining the age of 


the Taconic schists which you have been so ably discussing, and 
also serve to confirm the statement made by you on page 382 of 
the May number of this Journal. 

2. On a recent Silent discharge of Kilauea; by Dr. Titus 
Coan. (From a letter to J. D. Dana, dated Honolulu, Hawaii, 
June 20, 1879.)—You may have heard, ere this, that Kilauea has 
again nas ¢ a fiery flood, and retired within her subterranean 


chambers. little over ten years had elapsed, during which time 
the repairs of the eruption of 1868 were going on, until the 
emptied “South Lake” was replenished, “ heaped up and running 
over ;” when, without premonition, an unknown subterranean pas- 
sage was — and the vast fiery basin was emptied, as in 1868,* 
But this ry py was hidden and peculiar. The lake of 
fusion, which had been raised, by its self-made surrounding wall, 
nearly to the height of the outer rim of the crater, quietly sub- 
sided several hundred feet, ceased its boiling and nearly extin- 
guished its fires, leaving nothing but a vast smoking cauldron. 
You may remember that after the grand eruption of 1868, I suc- 
ceeded in scrambling down into the bottom of this evacuated pit, 
about 400 feet deep, and measuring across its bottom, a distance 
of one mile minus about 100 feet. "This awful cauldron had only 
* Mr. Coan does not mention the precise time of this eruption; but, from some 
statements in the Sandwich Island papers, it probably took place in April last. 
The “South Lake” referred to is in the bottom of Kilauea; and, though large, is 


small compared with the area of the bottom of the pit, the longest diameter of 
which is 34 miles. J. D. D. 


J 
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a few days before been filled to overflowing with boiling lava, 
raging, rolling in fiery waves from side to side of the glowing pit, 
dashing — its heated walls and throwing up its sheets and 
spouts of liquid fire 20, 40 and 50 feet into the air, while the sur- 
rounding deposits of solidified scoria formed a smoking mountain. 
Out of the northern and northwest sides of this accumulated mass 
of volcanic products streams of liquid lava burst from time to 
time, flowing down into the central region of the crater, and thus 
raising it, foot by foot, for months and years. Added to these 
subaerial outflows, there were oft-repeated, upward or vertical 
gushings of lava through seams and crevices; and thus, by these 
twofold actions, the great central depression, caused by the subsi- 
dence of a very large area of this part of the crater, was gradu 
ally filled up. 

One feature of this last eruption of Kilauea is the fact that the 

reat molten lake was drawn off subterraneously, giving no warn- 
ing of its movements, and leaving no visible indication of its path- 
way, or of the place of its final deposit. Other eruptions have 
blazed their way upon the surface to the sea, or while on their 
subterranean way have rent the superincumbent beds, throwing 
out jets of steam or of sulphurous gases, with here and there 
small patches or broad areas of lava. But as yet no surface marks 
of this kind reveal the silent, solemn course of this burning river. 
One theory is that it flowed deep in subterranean fissures, and 
finally disembogued far out at sea. Our ocean was much dis- 
turbed during these days, and we had what might be called a 
tidal wave of moderate magnitude. For some time after this 
eruption, Kilauea lay with scarcely any visible fire, and only here 
and there puffs of white steam and jets of escaping gases. All 
visitors were for several weeks greatly disappointed, and some 
were inclined to think that the vivid descriptions of former visit- 
ors were fabulous; but later advices report the old goddess as 
arousing from her slumbers, stirring up the coals, lighting her 
lamps and sending out fiery glances from her red eye-balls. So 
the old process of replenishment has begun and after another 
decade another disgorgement may take place. 

Mokuaweoweo, the summit crater, has been quiet for a long 
time. Moderate earthquakes occasionally admonish us that noth- 
ing earthly is stable; our aerial thunders have never been more 
sublime than during March, April and May. 

3. The recent Eruption of Etna.—In regard to this eruption 
we have before us the report of Professor O. Silvestri of the 
University of Catania to the Italian Ministry, and also the re- 
port of G. H. Owen, U. 8. Consul at Messina, to the Department 
of State. The former is a quarto pamphlet of nineteen pages, 
with an excellent topographical map of the region to the distance 
of about twenty kilometers from the summit in all directions. 
Upon this is charted not only the course and extent of the recent 
outflow of lava but those of previous eruptions also. 

Silvestri regards the recent eruption as a sequel to that of August 
29, 1874, when a rift opened upon the northeastern side of the 
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mountain, along which a number of eruptive mouths were formed 
and from which lava was discharged. At that time however the 
activity continued for only a few hours, although the rift remained 
open for some days. In his notice of that eruption (Bulletino del 
ulcanismo Anno L.) Silvestri predicted that at the next eruption 
this rift would prove the weakest point and would be the scene of 
the outbreak. This is exactly what has happened. This fissure 
of 1874 has become extended, reaching across the main crater in 
a north-northeast and south-southwest direction, to a length of 
ten kilometers. And from its extremities the Java has poured 
forth, beginning on the evening of May 26th. On the southwest 
it took the direction of the old lava flow toward the town of 
Aderné, but its course was arrested after flowing about two kilo- 
meters. From the northeastern extremity of the rift the flow ex- 
tended in the direction of Mojo, continuing to advance until about 
June 6, when it had reached a distance of eleven kilometers from 
its source, and its front had stopped but a short distance from the 
river Alcantara. Further details of Professor Silvestri’s report 
~ be found by English readers in Nature, June 26, 1879. 
paper presented to the Paris Academy of Sciences by M. 
Fonqué, says that “on the north-north-east side there are ten 
distinct craters, two of which are enormous (200™ diameter, and 
80" depth).” 

The report of U.S, Consul Owen to the State Department is 
dated Messina, June 20, and in it he says: “The eruption was pre- 
ceded by a slight shock of earthquake that was felt throughout 
the island and at Reggio on the continent. Two new craters were 
opened, one near the summit on the south-southwest side of the 
mountain and the other on the north-northeast lower down the 
slope. The former ceased to erupt after a day and half, while the 
latter continued its eruption till the 11th inst. The discharges of 
lava, especially on the side last mentioned, were attended by great 
shaking and trembling of the soil and loud detonations that could 
be heard at a distance of twenty miles. At the same time the 
crater began to emit great clouds of dense black smoke, ashes and 
cinders, that fell on the surrounding country in a shower, and were 
carried by the strong sirocco blowing at the time even as far 
north as the province of Naples. In Messina the pavements 
and balconies were covered with this black dust, and during its 
fall, which was of ten hours duration, it was disagreeable to go 
out of doors with the eyes unprotected. The lava, contrary to 
general opinion, was not a stream of liquid fire, but rather re- 
sembled a moving mass of stones in a state of incandescence, for 
as each successive discharge would expel the matter in a half 
melted condition, it would accumulate at the mouth of the crater, 
where cooling, it would remain, until pressed forward by the dis- 
charges of new lava. The flow, if so it can be called, was very 
gradual. The stream of lava toward the northeast was 700 
meters in width and the distance traversed about eleven kilometers. 

“The damages caused by the eruption have been estimated at 
1,000,000 of liras. The property damaged consisted of vineyards 
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and nut groves. Fortunately no lives were lost or villages 
destroyed. 

“On the 15th inst. strong shocks of earthquake were felt at 
Riposto. The ground opened and many houses were shaken 
down. On this occasion eight persons were killed and many 
wounded. It is believed that the earthquakes were caused by 
the undermining of the soil owing to the recent eruptions.” 

Cc. G BR. 

4, Former extension northward of the South American Conti- 
nent.—The following paragraphs close a paper by A. Agassiz, 
entitled, Dredging Operations of the U. 8. Coast Survey Schooner 
“ Blake,” from December, 1878, to March 10, 1879, in a Letter 
from A. Agassiz to C. P. Patterson, Sup’t Coast Survey. (Bull. 
Mus. Comp. Zool., Cambridge, Mass., vol. v, No. 14, June, 1879.) 
The ag is illustrated by a map of the Carribean Sea, supplied 
by the Superintendent of the Coast Survey, which is highly 
instructive. 

One of the most interesting results reached by this year’s cruise 
is the light thrown upon the former extension of the South Amer- 
ican Continent, by the soundings taken while dredging, and those 
subsequently made in the passages between the islands by Com- 
mander Bartlett. These, together with the soundings alread 
known, enable us to trace the outline of the old continent wit 
tolerable accuracy, and thus obtain some intelligible, and at the 
same time trustworthy, explanation of the peculiar geographical 
distribution of the fauna and flora of the West India Islands. As 
is well known, Cuba, the Bahamas, Hayti and Porto Rico, instead 
of showing, as we might naturally assume from their present prox- 
imity to Florida, a decided affinity in their fauna and flora with 
that of the Southern United States, show, on the contrary, unmis- 
takable association with that of Mexico, Honduras and Central 
America; the Caribbean Islands show in part the same relation- 
ship, though the affinity to the Venezuelan and Brazilian fauna 
and flora is much more marked. 

In attempting to reconstruct, from the soundings, the state of 
things existing in a former period, we are at once struck by the 
fact that the Virgin Islands are the outcropping of an extensive 
bank. The greatest depth between these islands is less than 40 
fathoms, this same depth being found on the bank to the east of 
Porto Rico, the 100-fathom line forming, in fact, the outline of a 
large island, which would include the whole of the Virgin Islands, 
the whole of Porto Rico, and extend some way into the Mona 
Passage. The 100-fathom line similarly forms a large plateau, 
uniting Anguilla, St. Martin and St. Bartholomew. It also unites 
Barbuda and Antigua, forms the Saba Bank, unites St. Eustatius, 
St. Christopher, Nevis and Redonda. It forms an elongated pla- 
teau, extending from Bequia to the southwest of Grenada, and 
runs more or less parallel to the South American coast from the 
Margarita Islands, leaving a comparatively narrow channel 
between it and the 100-fathom line south of Grenada, so as to 
enclose Trinidad and Tobago within its limits, and runs off to the 
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southeast in a direction also about parallel to the shore line. At 
the western end of the Caribbean Sea, the 100-fathom line forms a 
gigantic bank off the Mosquito coast, extending over one-third 
the distance from the mainland to the island of Jamaica. The 
Rosalind and Pedro Banks, formed by the same line, and a few 
other smaller banks, denote the position of more or less important 
islands which must have once existed between the Mosquito coast 
and Jamaica. On examining the 500-fathom line, we thus find 
that Jamaica is only the northern spit of a gigantic promontory, 
which once extended toward Hayti from the mainland, reaching 
from Costa Rica to the northern part of the Mosquito coast, and 
leaving but a es passage between it and the 
500-fathom line encircling Hayti, Porto Rico and the Virgin Isl- 
ands, in one gigantic island. The passage between Cuba and 
Jamaica has a depth of 3,000 fathoms, and that between Hayti 
and Cuba is not less than 873 fathoms, the latter being probably 
an arm of the Atlantic. The 500-fathom line connects, as a gigan- 
tic island, the banks uniting Anguilla to St. Bartholomew, Saba 
Bank, the one connecting St. Eustatius to Nevis, Barbuda to Anti- 
gua, and from thence extends south so as to include Guadeloupe, 
Marie-Galante and Dominica. This 500-fathom line thus forms 
one gigantic island of the northern islands, extending from Saba 
Bank to Santa Cruz, and leaving but a narrow channel between 
it and the eastern end of the 500-fathom line running round Santa 
Cruz. As Santa Cruz is separated from St. Thomas by a channel 
of forty miles, with a maximum depth of over 2,400 fathoms, this 
plainly shows its connection with the northern islands of the 
Caribbean group, rather than with St. Thomas, as is also well 
shown by the geographical relations of its Mollusca. The 
500-fathom line again unites, in one gigantic spit extending north- 
erly from the mouth of the Orinoco, all the islands to the south of 
Martinique, leaving Barbadoes to the east, and a narrow passage 
between Martinique and the islands of Dominica and St. Lucia. 
At the time of this connection, therefore, the Caribbean Sea con- 
nected with the Atlantic only by a narrow passage of a few miles 
in width between St. Lucia and Martinique, and one somewhat 
wider and slightly deeper between Martinique and Dominica, 
another between Sombrero and the Virgin Islands, and a compar- 
—s narrow passage between Jamaica and Hayti. The Carib- 
bean Sea, therefore, must have been a gulf of the Pacific, or have 
connected with it through wide passages, of which we find the 
traces in the Tertiary and Cretaceous deposits of the Isthmus of 
Darien, of Panama and of Nicaragua. Central America and north- 
ern South America at that time must have been a series of large 
islands with passages between them from the Pacific into the 
Caribbean. It is further interesting to speculate what must have 
become of the great equatorial current, or rather of the current 
produced by the northeast trades. The water banking up against 
the two large islands, then forming the Caribbean Islands, 
must, of course, have been deflected north, have swept round the 
northern shores of the Virgin Islands, Porto Rico and Hayti, and 
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poured into the western basin of the Caribbean Sea, through the 
passage between Hayti and Cuba. This water being forced into 
a sort of funnel, by the 500-fathom line forming the southern line 
of the Great Bahama Island, which connected nearly the whole of 
the Bahamas with Cuba and formed a barrier to the western flow 
of the equatorial current, this must, therefore, for the greater part, 
have been deflected north, and either swept in a northeasterly direc- 
tion, as the Gulf Stream now does, or round the north end of the 
Bahamas, across Florida, which did not then exist, across the Gulf 
of Mexico, and into the Pacific over the Isthmus of Tehuantepec. 

The soundings made by Commander Bartlett, after I left the 
“Blake,” to determine the ridges uniting the various islands 
between Sombrero and Trinidad, show plainly that the cold water 
of the Caribbean can only come in through the passage between 
Sombrero and the Virgin Islands, which is about 1,100 fathoms, 
with a bottom temperature of 38°, while the 500-fathom line, as I 
have said, forms a gigantic island of all the islands to the south 
of Sombrero, including Dominica, with a narrow passage of 1,000 
fathoms between it and Martinique; the 500-fathom line again 
uniting into one large spit, as a part of South America, all the 
islands to the south of it. Thus the bulk of the water forced into 
the Caribbean Sea has a comparatively high temperature,—an 
average, probably, of the temperature of the 300-fathom line. 
The cold water of the Atlantic is, howeyer, again forced into the 
western basin of the Caribbean through the Windward Passage, 
and all this through the Yucatan Channel, between Cape San 
Antonio and the Yucatan Bank. It is, therefore, incredible that 
with this huge mass of water pouring into the Gulf of Mexico, 
there should be anything like a cold current forcing its way up- 
hill into the Straits of Florida, as has been asserted on theoreti- 
cal grounds. The channel at Gun Key can only discharge the 
surplus by having a great velocity. 

Mr. Garman, who as usual accompanied me, remained in the 
West Indies, after we left the “ Blake” at Barbadoes, for the pur- 
pose of making collections of Reptiles and Fishes, with a view 
of throwing additional light on the former connections of the 
islands, as I have here attempted to trace it. One of the most 
interesting of the Reptiles we collected is a gigantic land tortoise, 
found at Porto Rico, differing only in size from the land turtle 
still found on Trinidad and adjoining parts of South America. 
It is closely allied to the gigantic turtles of the Gallopagos, and 
to the fossil land turtles, of which fragments have been described 
by the late Professor Wyman. These were collected by Mr. A. 
Julien at Sombrero, in the phosphate beds of the island. 

5. Footprint in the Mesozoic rocks of New Jersey.—Mr. J. C. 
Russett has obtained at Boonton, New Jersey, a fine three-toed 
or Ornithoid track, in the Mesozoic rock of the region. It meas 
ures 6°2 inches in length, and 5°5 in width. 

6. Footprints from the Anthracite Coal Measures, of the Maha- 
noy Coal Field, at the Ellangowan Colliery.—A slab, having apon 


Geology and Mineralogy. 233 


it ripple-marks and seven footprints, has been obtained at this 
locality by Mr. W. Lorenz. The tracks, according to Dr. Leidy, 
have a breadth of about an inch, widely divergent toes, and the 
four on the right occupy a line of six inches and are about an inch 
and a half apart from those on the left; they appear to be single, 
that is, not made by fore and hind feet together. Mr. Lorenz 
suggests for them the name Anthracopus ngowensis.— Proe. 
Acad. N. Sci. Philad., 1879, 164. : 

7. The Auriferous Gravels of the Sierra Nevada and Califor- 
nia; by J. D. Wurryey (continued from page 147.)-—The follow- 
ing are the more important facts with regard to the fossils of the 
auriferous gravels. The plants were submitted to Professor Les- 

uereux; and he has — the absence of Coniferous remains, 
that the species of deciduous trees, seventeen of which are from 
the Table Mountain deposit, are different from those now existin 
in the region; and that the evidence favors the view that the beds 
are Pliocene, but related by some forms to the Miocene. 

The mammalian remains have been determined by Dr. Leidy, 
and his results are published partly in vol. I of the California 
Reports, and the remainder in his works on the Extinct Mamma- 
lian Fauna of Dakota and Nebraska, 1869, and Contributions to 
the Extinct Vertebrate Fauna of the Western Territories, 1873. 
The species reported from the gravels underneath basalt,. come 
from Douglass Flat, Chili Gulch, and the Tuolumne Table Moun- 
tain. At the first two of these places were found remains of Rhi- 


noceros Leidy; at Douglass Flat, a tooth of Hlotherium 
mL, 


superbu , “perhaps the same as & ingens of the Mauvaises 
Terres of White River;” Mastodon Americanus, forty-eight feet 
beneath the surface at Douglass Flat and also at the Tuolumne 
Table Mountain; and a portion of a humerus of a small species of 
Equus, from a depth of 210 feet, at the Table Mountain. Besides 
these, the gravels elsewhere have afforded, at Murphy’s Diggings, 
west of Douglass Flat, a tibia of Canis latrans; in Merced County, 
near the line of Mariposa, in volcanic ash, remains of an extinct 
lama, Auchenia Californica L., besides a metacarpal “probably 
of a deer, some bones of a small horse, perhaps a Hipparion; from 
Alameda County, Auchenia hesterna L.;” trom the gravels near 
‘Sonora, two teeth of the living American Tapir; at different 
points, Mastodon Americanus, “up to an elevation little if at all 
exceeding 3,000 feet,” with also MW. obscurus L.; at several locali- 
ties also, Hlephas Americanus, one nearly perfect skeleton near the 
Fresno River; caballus, E. excelsus V.., E. pacificus L. 
Stone implements (including tools, pestles, mortars, platters, 
spear and arrow heads, ey are reported, from the gravels at the 
following localities, and if some are doubtful, the number of 
places is so large that the fact of occurrence in the gravels cannot 
be reasonably questioned. In Mariposa County, at Horse Shoe Bend, 
on the Merced River, at Hornitos and five miles northeast, and 
near Princeton; in Merced County, near Snelling; in Stanislaus 
County, at Dry Creek; in Tuolumne County, at Table Mountain, 
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Kincaid Flat, Wood’s Creek, Mormon Creek; in Amador County, 
near Jackson; in El Dorado County, at Shingle Springs, Diamond 
Springs. near Placerville, Spanish Flat, Kelsey’s Diggings, Dry 
Creek, Coloma, Georgetown, Brownsville; in Placer County, near 
Gold Hill, Forest Hill, Byrd’s Valley, Missouri Tunnel ; in Nevada 
County, at Grass Valley, Myer’s Ravine, Brush Creek; in Butte 
County, at Cherokee; also in Siskiyou and Trinity Counties, locali- 
ties not mentioned. 

Human bones are reported from Tuolumne and Calaveras 
Counties. (1.) Under Table Mountain, Tuolumne County, a 
human jaw, obtained by Dr. Snell; same locality, in the Sonora 
tunnel, at a depth of 180 feet, a portion of a skull given to C. F. 
Winslow in 1857, by P. K. Hubbs, of Vallejo, California, the 
finder, and by the former noticed in the Proceedings of the Bos- 
ton Society of Natural History, for October 7, 1857, the same 
locality affording also a Mastodon’s tooth and a “large stone 
bead” of white marble. Mr. Winslow also says that Capt. D. B. 
Akey related to him a discovery of a complete human skeleton 
from a tunnel under Table Mountain, but stated that he did not 
remember the tunnel, and the fact has not been verified. 

(2.) In Calaveras County, in February, 1866, in the claim of 
Messrs. Mattison & Co., on Bald Mountain, near Altaville and 
Angel’s, beneath the lava, from a depth of 130 feet. This is the 
skull which came into Professor Whitney’s hands through Dr. 
Jones, who received it from Mr. Mattison, and which has been 
described by Dr. Jeffries Wyman. The material in which it had 
been embedded was mixed tufa and gravel, and attached to it 
was a specimen of Helix mormonum, a species now living in 
Nevada. According to Mr. Mattison, the succession of beds - 
ema through from above to that containing the skull, was black 
ava, 40 feet; next below, gravel 3, light lava 30, gravel 5, light 
lava 15, gravel 25, dark brown lava 9, gravel (that containing the 
skull) 5. This bed rested on red lava 4 feet. and red gravel 17 
feet. Professor Whitney brings forward the testimony of Mr. 
Scribner and also of Dr. Jones; and says, “ We have the inde- 
pendent testimony of three witnesses, two of whom were previ- 
ously known to the writer as men of intelligence and veracity, 
while in regard to the third there is no reason for doubting his 
truthfulness. Each one of these gentlemen testifies to some 
points in the chain of circumstantial evidence going to prove the 
— of the find. No motive for deception on the part of 

r. Mattison can be discovered, while the appearance of the skull 


itself bears strong, though silent, testimony to the correctness of 
the story.” 

'_ Dr. Wyman’s report, as is now well known, stated that the 
“ skull bate no signs of having belonged to an inferior race. 


In its breadth it agrees with the other crania from California, 
except those of the Diggers, but surpasses them in the other par- 
ticulars in which comparisons have been made. This is especially 
apparent in the greater prominence of the forehead and the capac- 
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ity of its chamber. In so far as it differs in dimensions from the 
other crania from California, it approaches the Esquimaux.” The 
following are the comparisons above referred to by Dr. Wyman, 
the measurements being in millimeters: 


Breadth of Breadthof Frontal Length of Heightof Zygomatic 
Cranium. Frontal.* Arch. Frontal. Cranium. Diameter. 


22 Esquimaux 94 2965 1266 135 137°6 
5 from Alaska 92°98 121° 1295 132 
11 from different parts of Cal. 150°5 935 260 117° «1208134 

3 Digger Indians 136°6 119 1203 
The Fossil skull 150 101 300 128 134+ 145 


Professor Whitney regards the gravels as Pre-Glacial, and Plio- 
cene, on the basis of the evidence from the fossils found in them. 
The origin of the gravels remains to be discussed by him in the 
second part of the volume, which, according to a pretatory note, 
will be published in a few months. 

8. Bone Cave in Moravia.—A large number of mammalian 
bones of the diluvian period have lately been obtained from the 
bone-cave of Vypustek, Moravia (Professor K. Th. Liebe, Proceed. 
Imp. Acad. Vienna, May 23, 1879), and sent to the Imperial 
Museum at Vienna. The comparison of these remains with those 
from the Thuringian caves is important, especially with those 
from the cave of Lindenthal near Gera, which led Liebe and Neh- 
ring to the interesting conclusion that all this region was an exten- 
sive barren steppe, without any forest vegetation, at the begin- 
ning of the Second Diluvial Period. In the cave of Vypustek are 
found——Lynx vulgaris, Felis catus, Canis speleus, C. familiuris, 
Vulpes vulyaris, V. lagopus, Gulo borealis, Martes abietinus, Fo- 
torius putorius, F. erminea, Vesperugo serotinus, Arvicola amphib- 
ius, A. sp., Lepus variabilis (timidus?), Cricetus frumentarius, 
Myoxus glis, and Sciurus vulgaris. Besides these seventeen spe- 
cies, von Hochstetter found remains of Hlephas primigenius, Rhi- 
noceros tichorhinus, Zquus fossilis, Bos priscus, Cervus tarundus, 
C. elaphus, C. capreolus, C. euryceros (?), Capra ibex, Ursus spe- 
leus, Felis spelea, and Hyena spelea ; the number of species 
found in the Vypustek Cave being therefore twenty-nine. The 
evidence proves that this cave was a den of beasts of prey, long 
tenanted . families of hyenas and bears, and occasionally vis- 
ited by lions, lynxes and wolves; while many side galleries, some 
opening to-day, gave shelter to martens, weasels and other small | 
carnivores, Some few animals may have been carried into the 
cave after death by streams and floods; but by far the greater 
part of the remains are those of tenants of the cave, or of their 
prey brought in for food. The fauna of this cave indeed bears a 

ecidedly sylvestran character; and it may be admitted that its 
environs were covered with woods, and had a forest climate, at 

* This is the breadth of the frontal at its narrowest part when the skull is 
viewed from above. 

+ Measured from the anterior edge of the foramen magnum to the leve! of the 
top of the frontal, and an inch behind it on the inside. (These measurements can, 
of course, be considered only as approximations; the fragmentary condition of the 
skull must be taken into consideration in this connection.)—J. w. 
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the time when northern and middle Germany had the features 
and climate of a steppe. Hence too the mountains and hills of 
South Bohemia and Moravia may be supposed to have been the 
center from which forests advanced gradually in every direction 
over the great Diluvial Steppe of Rasepe north of the Alpine 
chain. Further explorations, to be conducted by the Prehistoric 
Commission of the Imperial Academy of Vienna, may lead to 
other interesting facts as to the relative depth and succession of 
the animal remains in this cave.-—Wature, July 24. 

9. Geology of Kansas; by Professor B. F. Mupar, — The 
Report of the State Board of Agriculture of Kansas, for the 
years 1877-8 ( a volume of 632 pages, 8vo, second edition, published 
at Topeka, Kansas, in 1878), contains a report on the geology of 
the State, by Professor Mudge. It is a valuable account by one 
who has done much to bring the facts to light, and is accompanied 
by a colored geological map. The geological formations include 
the Drift (some of whose bowlders are of large size), Tertiary beds, 
Cretaceous of the Niobrara, Benton and Dakota divisions, and the 
Carboniferous, Sub-carboniferous and Permian. Professor Mudge 
collected a large part of the fossil plants from the Dakota group 
which have been described by Lesquereux, and also numerous new 
fossils among fishes and other vertebrates. The report treats also 
of the economical geology of the state, its gypsum, salt, lead and 
zinc ores, and coal. 

The Agricultural Report is also in other respects a well digested 
and instructive volume. 

10. Geological Report of Indiana for 1878; by E. T. Cox, as- 
sisted by Professor J. Cotterr and Dr. G. M. Leverrr.—This 
new volume contains special reports on the geology of Wayne 
County, Harrison County, and Crawford County, besides a general 
Report by Professor Cox, the Report on the geological nomen- 
clature of the Cincinnati rocks, already noticed in this Journal, a 
list of fossils of the rocks of the Trenton period in adjoining parts 
of Indiana, Ohio and Kentucky, by 8S. A. Miller, on Hydraulic 
Cements, Glacial Drift, Archeology, with a list of the Ferns, Mosses, 
Hepatice and Lichens of Wayne Chante, by Mrs. Haines. 

11. Genera of Felide and Canide.—A paper on the genera of 
these families with important notes on some species relating prin- 
cipally to the fossil species, is published by Professor E. D. Cope, 
in the Proceedings of the Academy of Natural Sciences of Phila- 
delphia, for 1879, commencing on page 168. 

12. The Mosasaur, Leiodon anceps, of the American Cretaceous. 
—Professor R. Owen has a paper on the “ Restoration of Leiodon 
anceps” in the Annals and Magazine of Natural History, July, 
1879. 


III. Botany. 


1. On the Origin of the Flora of the European Alps; by 
Joun Batt, F.R.S.—A lecture delivered at a meeting of the 
Royal Geographical Society, London, June 9, printed in its Pro- 
ceedings, and separately issued as a pamphlet of 25 pages. No 
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one knows more than Mr. Ball of the Alpine flora, and in this lec- 
ture he discourses interestingly and very boldly upon the theoret- 
ical bearings of this extensive knowledge. His points are, that 
the Alpine flora did not originate in Scandinavia, but came rather 
from Northern Asia; that we must consider even the existing 
species to be very much older than the glacial period, in order to 
account for the actual distribution; that, since it is clear that the 
upper limit of Alpine vegetation is not assigned by temperature 
but by lack of room (upon a single ridge rising out of the Aletsch 

lacier, at 10,700 feet, he collected at one visit over forty flower- 
ing species), so he contends that it could not have been driven 
out of the Alps even by the maximum cold of the glacial period, 
which he supposes to have lowered the zones of vegetation only 
one or two thousand feet. All this will accord very well with the 
views taken by Saporta and not a few other naturalists. But, if 
we rightly understand, Mr. Ball goes on to assign an enormous 
antiquity—such as no one has thought of—to the existing types of 
phenogamous plants and to the temperate and arctic-Alpine vege- 
tation. He supposes these to have flourished at great elevations 
on Paleozoic Alps at the time when the Carboniferous vegetation 
covered the low levels, and while the atmosphere contained twenty 
times as much carbonic acid as now, this gas, as he calculates, 
being stratified in the atmosphere according to its density, in such 
manner as to give to paleo-alpine plants an atmosphere and a cli- 
mate not very unlike the present. He asks us to believe with him 


that “those humble plants that dwell in the ve region of — 


mountains, springing from crevices in the rock, or fringing wit 

bright color the edges of the snow-field,” “exempted from the 
vicissitudes to which the ancient vegetable world was exposed, 
may represent the earliest forms of the higher types of plant-life, 
and even that some of the species that uow adorn the Alpine 
heights may, during the inconceivably long lapse of geologieal 
ages, have looked down unchanged on the revolutions that have 
slowly destroyed and renewed the various forms of life on the 
surface of our planet.” A. G. 

2. The Native Plants of Victoria succinctly defined; by Baron 
Ferp. von Mvue er, F.RS., etc. Part I, pp. 190, 8vo. Mel- 
bourne, 1879.—No sooner is the great Flora Australiensis com- 
pleted, than the indefatigable Mueller sets himself to the preparation 
of an easy manual for the most populous colony of Victoria, and 
this is the first installment. It begins with the Polypetalous (Cho- 
ripetalous) orders, intercalating the apetalous ones in a manner 
now not uncommon ; it illustrates them by good wood-cut figures, 
with clear analyses, describes them in the simplest possible tech- 
nical language, omits synonymy and also references, except those 
for the origination of the genus and species; and in short supplies 
just what is needed for educational and popular use, Let us hope 
that the worthy author will be encouraged and enabled to com- 
plete it. A novel peculiarity of this work is that the introduced 
plants are rigidly left out, even those which are overpowering the 
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native species. These weeds are a nuisance in every sense, to the 
botanist no less than to the colonist, and glad should we be every- 
where to ignore them if we could. But, as a classical English 
poetess sings of 
“Tall Buttercups that will be seen 
Whether we will or no,” 

the botanist cannot well shut his eyes to the intruders, although 
they do spoil the symmetry and purity of a flora. A. G. 

8. The Influence of Light on the Motions of Desmids ; by E. 
Srau.t.—The fact that Desmids, under the influence of light, pos- 
sess certain peculiar motions, was first noticed by Alexander Braun. 
Stahl has experimented upon species of Closterium, and finds that 
the individual Closteria have their longer axis parallel to the direc- 
tion of the light. If egg in a glass cell, the end of the Closterium 
which is from the light attaches itself to the bottom of the cell, 
while the other floats freely and follows the direction of the light 
if it is changed. The Closteria undergo periodical changes of 

osition; the floating free end toward the light finally movin 
 atarsaneat and attaching itself to the bottom, while the end whiek 
was at first fixed becomes free. At the end of the paper, Stahl 
has some remarks on photometric and aphotometric swarm-spores. 
In a recent paper Strasburger gives the name of phototaxis to the 
property which swarm-spores possess of placing their long axes 
parallel to the direction of the light. He divides phototactic 
swarm-spores into photometric and aphotometric. In the latter 
class are included those swarm-spores which have their ciliated 
extremity turned toward the light. Photometric swarm-spores 
are those which may present either extremity toward the light. 
To the latter class, according to Strasburger, belong the swarm- 
spores of Botrydium. Stahl, however, maintains that the spores 
of Botrydium act like other swarm-spores, and he doubts the 
validity of the two forms of phototaxis as described by Stras- 
burger. W. G. 

4, Development of the Prothallus of Platycerium grande ; by 
Dr. Hermann Bauxe.—In a paper read before the Bot. Verein of 
the Provinz Brandenburg, Dr. Bauke showed that the early stages 
of the prothallus of Platycerium grande differed from that of 
other ferns. The growth of the terminal cell of the germinal fila- 
ment which comes from the spore ceases at an early period, and 
the cells back of it grow so as to form a peculiar membrane. 
From one side of this membrane shoots out a process which bears 
the sexual organs, In this method of growth, Dr. Bauke sees a 
special adaptation for the exposed place of attachment of this 
species, which is found very frequently on palm stems just before 
the terminal tuft of leaves, Dr, Bauke also discusses the depend- 
ence of the bilateral character of the fern prothallus on external 
forces, and assigns to gravity the principal action. In prothalli 
which grow vertically archegonia and rhizoids are found on both 
surfaces. iW. G. F. 
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IV. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. Map of the Catskill Mountains, by A. Guyrot.—Professor 
Guyot gives in this map the results of several summers’ work in 
the Catskill region with his barometer and surveying instruments. 
He has measured the height of over two hundred places, deter- 
mined by triangulation the positions of all the many summits, and 
discovered mountains that were not known to exist. <A large part 
of the region, especially the southwestern, is an untracked wil- 
derness of forests; and in several cases the only chance for making 
his triangulation was by climbing to the tops of the highest trees. 
He has found higher points than were before recorded, and many 
of them. His table of altitudes contains three peaks over 4,000 
feet, thirteen over 3,800 feet, and thirty-six over 3,500 feet. The 
highest point is one of the previously unknown, Slide Mountain, in 
the Southern Catskills; its height is 4,205 feet above tide. An ab- 
stract of his results will appear in another number of this Journal. 

The map measures 14 X 20 inches, is complete in all the topog- 
raphy and in geographical details, and will be of great service to 
tourists. It may be had in New York of Scribner’s Sons and B. 
Westerman & Co. 

2. J. L. Campbells “Geology of Virginia,” page 119 of this 
volume.—The following explanations of the section on page 121 


_ were omitted in their proper places and are here inserted :—1. Gen- 


eral bearing of the section N. 40° W. 2. Horizontal scale in miles 
numbered at top; vertical scale in feet numbered on right and 
left extremities. 3. Limestone strata are blocked, sandstones 
dotted, and shales ruled. 4. 'The periods and epochs are indicated, 
the former by numbers, the latter by Jetters, in accordance with 
the system found in Professor Dana’s Manual of Geology. 

3. To Astronomers.—The U. 8. Naval Observatory, Washing- 
ton, will gratefully receive for its library, separate copies or 
reprints of memoirs published in the Transactions of Societies or 
in journals. The volumes of Transactions are regularly received, 
but often many months after the appearance of the reprints of 
particular papers, which are therefore especially valued. It is 
also requested that all communications of this nature and corres- 

ondence relating to them may be addressed to “The Library, 

. 8. Naval Observatory, Washington, U. S. A.” 

Agents of the Smithsonian Institution abroad will receive large 
parcels for transmission. The smaller ones will be received more 
quickly if they are sent by mail. 

As far as possible, the publications of the Observatory will be 
distributed to all working astronomers. 

Joun Ropaers, Rear Admiral, U. 8. N., Superintendent. 

Washington, Aug. 18, 1879. 

4, Annual Report upon Explorations and Surveys in the Depart- 
ment of the Missouri ; by E. H. Rurryer, First Lieut. Eng. U. 
8. A.—This Report is Appendix SS (pp. 1749-1868) of the 
Annual Report of the Chief of Engineers for 1878. It contains 
a Report on the San Juan region, in Western Colorado and part 
of New Mexico, from a reconnoissance made in 1877, by Lieut. C, 
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A. H. McCavtey, accompanied by maps and sketches. Lieut. 
McCauley gives an extended account of the geography, features, 
the various mines, agricultural and other economical resources, 
with some observations on the geology, the erosion and terraces 
along the rivers, and details as to settlements, means of communi- 
cation, and proposed new lines of roads and railroads. The report 
is evidently the result of a careful study of the region. It also 
contains a classification of the Botanical Collection made by the 
same expedition, by Professor Asa Gray, with Notes on the Botany, 
by T. 8. Brandegee; and an Entomological report by Professor 
Cyrus Thomas, which is illustrated by two plates of butterflies. 

5. Documents relative to the Origin and History of the Smith- 
sonian Institution ; edited by Wma. J. Rerves. 1013 pp. 8vo. 
Washington, 1879. Smithsonian Miscellaneous Collections, 328, 

—The will of James Smithson, and all papers connected with his 
’ gift for the establishment of a “Smithsonian Institution” at Wash- 
ington, are brought together in this volume, and also the commu- 
nications which have since been made by or to the United States 
Government, the debates and acts relative to it, the programme 
of Professor Henry, and the correspondence with reference to it. 
The value of the Institution to the country makes everything per- 
taining to its history of the highest interest. ; 

6. On the Mode of Growth of Stromatopora ; by H. J. Car- 
TER, F.R.S., etc.—Struck with the practical nature of Mr. Cham- 

rnowne’s remarks on “some Devonian Stromatoporide from 

artington, near Totnes,” published in the Quart. Journ. Geol. 
Soc. for February, 1879, I lost no time in putting myself in com- 
munication with him on this subject, and, having received, in reply, 
a kind invitation to visit the “Pit-Park Quarry” (whence his 
— had been taken), I availed myself of the opportunity on 
the 8th of May last. 

My general inference from our visit to the Quarry was that 
Stromatopora was essentially a “reef building” organism, and 
that, like Millepora alcicornis in the West Indies, it grew pro- 
fusely in its locality, not only entering and filling up the open 
interstices of other calcareous organisms during their growth, but 
enveloping their detritus (joints and stems of Encrinites, etc.), 
and, when not doing either of these things, growing into large 
masses of itself. Thus, by cementing everything together after 
this manner, the great reef appears to have been formed which is 
now known by the name of “‘ Devonian Limestone.” This is not 
only evidenced by the composition of the solidified strata generally, 
when cut and polished, but more convincingly and particularly by 
a portion of it in “ Pit-Park Quarry,” which, having undergone 
partial decomposition, now yields up its contents even more sepa- 
rately than probably they have ever been since they were bound 
together by the ubiquitous Stromatopora.—From a paper in the 
Ann. and Mag. Nat. Hist. for August. 

7. Mobius on Eozoon Canadense.—A full abstract of Professor 
Mobius’s paper on Eozoon, with illustrations copied from it, is 
contained in ature for July 17, and 24. 


“~~ of the Chief of Engineers for 1878. Three volumes, 8vo. Washing- 
ton, 1878. 


i 


